-_ 
- 
= 
—_ 
— 
~e 
—_ 
= 
te 





ASSOCIATION Publication 


AMERICAN MEDICAL 





cytologic 
diagnosis in 
genital and 
extragenital 
cancer 





PAPANICOLAOU 
STAINS 


EA 50, 100 cc. and 450 cc. bottles 

EA 65, 100 cc. bottles 

OG 6, 100 cc. and 450 cc. bottles 
Harris Hematoxylin (Ortho modification) 
100 cc. and 473 cc. bottles 

Ortho® Dual-Purpose Cannula 
Aspirator bulb (for use with Cannula) 





Complete information on request. 


Ortho Pharmaceutical Corporation 
Raritan, N. J. 


108 ce 108 vc 
SMEAR STAIN Grime Meaine ates SMEAR STAIN 
aren Att Pie we couse 


Papen e oe 


MULTIPLE PorycHnome STAM the Paarmaceuucat Com WPLE PotycHnome STAM 
iPad “ er 
Ortho Pharmac evincs Co? demo Pharma: evtic a! Co 
tram Ye ow fate wee sereer 








yet heed i 


TABLE OF CONTENTS 
VotumME 59 FEBRUARY 1955 NUMBER 2 
ORIGINAL ARTICLES 
Early Joint Lesions of Rheumatoid Arthritis PAGE 
J. Peter Kulka, M.D.; Douglas Bocking, M.D.; Marian W. Ropes, M.D., and Walter 
Rr Tae a eg a a a ae 129 


Pericardial and Myocardial Vascularization Following Cardiopericardiopexy 
Aaron Plachta, M.D.; Samuel A. Thompson, M.D., and Francis D. Speer, M.D., 


Nex Yor k ee a a 51 
Polycystic Liver 
ne. SOC, Mare) Met ab na kos kos Ketdadekedher dea 60s hcesonawenhe 162 
Aortic Lesions Induced in the Bird by Diethylstilbestrol Injections 
and Cholesterol Feeding 
Stuart Lindsay, M.D., San Francisco; C. W. Nichols Jr., and I. L. Chaikoff, M.D., 
Te, ate he ean cha one aces PM ienke os nekeee dened 173 
Pathology of Choline Deficiency in the Mouse 
George F. Buckley, M.D., Stouffville, Ont., Canada, and W. Stanley Hartroft, M.D., 
ee eee vies apa’ eueieba late ds onre wey aaltas bitaeieriere sciae 185 
Hepatic Fibrosis in Children with Acute Leukemia After Therapy 
with Folic Acid Antagonists 
Jacob Colsky, M.D., Brooklyn; Esra M. Greenspan, M.D., New York, and Thomas 
RO GE Ee OR ae ae es -0a 198 
Morphological Studies of Hyaline Membranes in the Newborn Infant 
W. S. Gilmer, M.D., and Albert M. Hand, M.D., Memphis...... ENS eS a TS 207 
Plasma Specific Gravity Changes in Sudden Deaths 
Henry C. Freimuth, Ph.D., Baltimore, and Henry E. Swann Jr., M.S., Army Chemical 
Te Pe ee ee, Oe, ee ye eee Eee OTT eee 214 
Spontaneous Longitudinal Cleavage of the Wall of the Aorta 
Frederick C. Bauer Jr.. M.D., and Edwin F. Hirsch, M.D., Chicago...............4.: 219 


Homogenous Renal Transplantation in Dogs 
E. E. Muirhead, M.D., and M. Groves, Dallas, Texas, with the Assistance of B. Brooks. 223 


Effects of Ethionine Injections on Pregnant Rats and Their Offspring 
C. M. Lee Jr.,. M.D.; J. T. Wiseman, B.A.; S. A. Kaplan, M.D., and J. Warkany, M.D., 


Se en sey ee ee ee ee Oe Oe ee ee Nae Te Pere eee eres 


Squamous Metaplasia in the Rat Uterus 


C Predevée PisdentAE FA Se BO asi ks scab heh a be Madd. va ce eve cneecccicces 238 
Effect of Sweet Pea Meal on the Rat Aorta 
Thomas E. Bachhuber and Joseph J. Lalich, M.D., Madison, Wis................0.04. 247 


Lymph Node Structure in Control and in Tumor-Bearing CFW Mice 


Maurice M. Black, M.D., and Francis D. Speer, M.D., New York, with the Technical 
Matas OF FONT, Tens Win beeec kad 6 0A 0% 6 och vce a' osa vn bodedes ibbaccnee 254 


Decline in Mortality from Syphilis in Minnesota 
a a ee, BOE Ta ee te aiid Ads e 660 ttien tdahottsbivcdeune 259 


REGULAR DEPARTMENTS 
en ee GOR gc sic scdnet uve vccidtibsadieiueetiariee: 150, 172, 213, 218, and 258 


I cake ds ven dlc CsRUet tieccde .UEdh vk. Goda ee a eis WN Pulncshaual 261 





A. 


M. 





A. 


ARCHIVES OF PATHOLOGY 


VoLuME 59 


Copyricnt, 1955, BY THE 


FEBRUARY 1955 


AMERICAN MEDICAL 


NUMBER 2 


ASSOCIATION 


EDITORIAL BOARD 


PAUL R. CANNON, 
GRANVILLE A. BENNETT, Chicago 
CHARLES E. DUNLAP, New Orleans 
WILEY DAVIS FORBUS, Durham, N. C. 
STUART LIPPINCOTT, Seattle 


AUSTIN SMITH, Editor, A. 


GILBERT §S. 


Chicago, 


M. A. Scientific 
COOPER, Managing 


Chief Editor 

SIDNEY C. MADDEN, Los Angeles 
WILLIAM MEISSNER, Boston 

WILLIAM B. WARTMAN, Chicago 
GEORGE H. WHIPPLE, Rochester, N. Y. 


Publications 


Editor, Specialty Journals 








AMERICAN MEDICAL ASSOCIATION 
Scientific Publications 


The Journal of the American Medical Association. Quarterly Cumulative Index Medicus. Issued pees a 
Weekly. Annual Subscription Price, $15.00. Year. Subscription Price, Calendar year, $20. 


A. M. A. Specialty Journals 


Monthly 
A. M. A. Archives of Internal Medicine. Paul S. 
Rhoads, M.D., Chief Editor, American Medical 
Association, §35 N. Dearborn St., Chicago 10. 
Price, $10.00; Canada, $10.50; Foreign, $11.50; in- 
dividual copy, $1.00. 


A. M. A. American Journal of Diseases of Children. 
Clifford G. Grulee, M.D., Chief Editor, 610 
Church St., Evanston, Ill. Price, $12.00; Canada, 
$12.50; Foreign, $13.50; individual copy, $1.25. 


A. M. A. Archives of Pathology. Paul 

A. M. A. Archives of Dermatology. Paul A. O'Leary, M.D., Chief Editor, Department of Pathology, Uni- 
M.D., Chief Editor, 200 First St. S.W., Roches- versity of Chicago, The School of Medicine, 950 
ter, Minn. Price, $12.00; Canada, $12.50; Foreign, E. 59th St., Chicago 37. Price, $8.00; Canada, 
$13.50; mdividual copy, $1.25. $8.50; Foreign, $9.25; individual copy, $1.00. 


A. M. A. Archives of Ophthalmology. Francis Heed A. M. A. Archives of Neurology and Psychiatry. 
Adler, M.D., Chief Editor, 313 S. 17th St., Phila- Tracy J. Putnam, M.D., Chief Editor, 450 N. Bed- 
delphia 5. Price, $12.00; Canada, $12.50; Foreign, ford Drive, Beverly Hills, Calif. Price, $12.00; 
$13.50; individual copy, $1.25. Canada, $12.50; Foreign, $13.50; individual copy, 

A. M. A. Archives of Surgery. $1.25. 
M.D., Chief Editor, American A. M. A. Archives of Otolaryngology. George M. 
tion, 535 N. Dearborn St., Coates, M.D., Chief Editor, 1721 Pine St., Phila- 
$14.00; Canada, $14.50; delphia 3. Price, $12.00; Canada, $12.50; Foreign, 
copy, $1.25. $13.50; individual copy, $1.25 


A. M. A. Archives of Industrial Health. Prof. Philip 
Drinker, Chief Editor, Dept. of Industrial Hygiene, 
Harvard University School of Public Health, 55 
Shattuck St., Boston 15. Price, $8.00; Canada, 
$8.50; Foreign, $9.00; individual copy, $1.00. 


R. Cannon, 


Waltman Walters, 
Medical Associa- 
Chicago 10. Price, 
Foreign, $15.50; individual 


Checks, 


money orders, and drafts should be made payable to the American 
Medical i 


Association, 535 North Dearborn Street, Chicago 10. 


Published Monthly by 


AMERICAN MEDICAL ASSOCIATION 


535 NORTH DEARBORN STREET e CHICAGO 10, ILLINOIS 
Entered as Second Class Matter po 
cago, Under the Act of March 3, 


20. 1926, at ‘the Postoffice at Chi- 
1879. Annual Subscription, $8.00 

















4 


az, 
aor: 


there’s a better way to get a “‘normal’’ 


Diagnostic Plasma Warner-Chilcott is a new lyophilized 
normal plasma that saves laboratory workers from the col- 
lector of “normal” blood. This economical preparation also 
brings greater confidence to technicians responsible for 
accurate prothrombin time determinations. It’s a depend- 
able standard, and as unvarying as is physically possible. 
Keep a supply on hand, especially for night or emergency 
requirements, 


Diagnostic Plasma 


WARNER-CHILCOTT 


Available at leading laboratory supply houses. Write for 
name of your local supplier. 


Supplied in boxes of ten 0.5 cc. vials, $9.00. 


WARNER-CHILCOTT 


— ie MT Te 
aT ys Taio wt Si a 








Instructions to Contributors 


Communications regarding editorial management, subscriptions, reprints, etc., should 
be addressed to Specialty Journals, American Medical Association, 535 North Dearborn 
Street, Chicago 10. 

Articles, book reviews, and other materials for publication should be addressed to 
the Chief Editor of the Specialty Journal concerned. Articles are accepted for publica- 
tion on condition that they are contributed solely to that journal. 

An original typescript and the first carbon of an article should be provided; it must be 
double or triple spaced on one side of a standard size page, with at least a 1-inch 
margin at each edge. An article in English by a foreign author should be accompanied by 
a draft in the author’s mother tongue. Improvised abbreviations should be avoided. 

The main title of an article may not contain more than ninety characters and spaces; 
a subtitle may be of any length. The subtitle should be sufficiently detached from the main 
title that a punctuation mark as strong as a colon can be used in the Table of Contents to 
separate it from the main title; it must not begin with “with.” 

The author’s name should be accompanied by the highest academic or medical degree 
which he holds. If academic connections are given for one author of an article, such con- 
nections must be given for all other authors of the article who have such connections. 

Typographic considerations necessitate that the first paragraph of an article contain 
not fewer than thirty words. A Case Report must be preceded by an introductory para- 
graph containing at least thirty words before the details of the case are given. 

Material quoted from another publication must be quoted exactly if the original is in 
English—-spelling, capitalization, punctuation, etc., unchanged. Material taken largely from 
another publication must be credited to the original author, whether quoted exactly or 
merely abstracted. If such material is quoted indirectly, the author must be careful to 
leave no complete sentence of the original unaltered. Use of uncredited quotations will 
be sufficient cause for rejection of an article. 

Each article should be accompanied by a summary in the present tense, presenting the 
main points of the article, but in somewhat more generalized terms than in the article 
itself. 

If it is necessary to publish a recognizable photograph of a person, the photograph 
must be accompanied by written permission of the subject himself if an adult, or of the 
parents or guardian if a child, to publish his photograph. An illustration which has been 
published in another publication must be accompanied by written permission from the 
author and the original publisher to reproduce it in an A. M. A. Specialty Journal. 

The maximum illustration allowance is ten illustrations within a total of 100 sq. inches 
or $100, whichever is of greater advantage to the author. When no restrictions are placed 
by the author upon cropping, reducing, and grouping, the publisher is often able to use 
twenty or more illustrations in one article with the $100 allowance. Submit sharp prints of 
the following sizes, 2%" wide x 2%” or 3%" high, 3%” wide x 2%” high, and 5%” 
or 7” wide x 3%” high, to minimize reduction and/or cropping. Oversized originals 
should be photographed and a print submitted. Large photomicrograph prints will be 
reduced in scale unless portions to be cropped are indicated by the author. 

Any cut-off marks should be made on the margins or mountings rather than on the 
illustration itself. Charts and drawings should be in black ink on hard, white paper. 
Lettering must be large enough to permit necessary reduction. Glossy prints of x-rays are 
requested. Paper clips should not be used on prints, since their mark shows in repro- 
duction, as does writing on the back of prints with hard lead pencil or stiff pen. Labels 
should be prepared and pasted to the back of each illustration showing its number, the 
author’s name, an abbreviated title of the article, and top plainly ye Charts and 
illustrations must have descriptive legends, grouped on a separate sheet. Tables must have 

captions. IT IS PREFERRED THAT ILLUSTRATIONS BE UNMOUNTED. 

References to the literature should be numbered in the order in which they are referred 
to in the text or listed in alphabetical order without numbers. A chronological arrange- 
ment, with all entries for a given year alphabetized according to the surname of the first 
author, may be used if preferred. References should be typed on a special page at end of 
manuscript. They should conform to the style of the Quarterly Cumulative Index Medicus, 
and must include, in the order given, name of author, title of article (with subtitle), name 
of periodical, with volume, page, month—day of month if weekly or biweekly—and year. 
Names of periodicals should be given in full or abbreviated exactly as in the Quarterly 
Cumulative Index Medicus. Reference to books must contain, in the order given, name of 
author, title of book, city of publication, name of publisher, and year of publication. Titles 
of foreign articles, if originally in a generally known Romance or Germanic tongue, must 
either all be in English translation or all be in the original language. Titles in other 
languages must be translated. The author must assume responsibility for the accuracy of 
foreign titles. 

Matter appearing in the A. M. A. Specialty Journals is covered by copyright, but as a 
rule no objection will be made to its reproduction in a reputable medical journal if proper 
credit is given. However, the reproduction for commercial purposes of articles appearing 
in the A. M. A. Specialty Jouraale s, or in any other publications issued by the Association, 
will not be permitted. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street Chicago 10 











Low Cost 


FOR FILING 

MICROSCOPIC SLIDES 3 x 1” 

KODACHROME TRANSPAR- 
ENCIES 

2 x 2” SLIDES 

LANTERN SLIDES 

(up to 3% x 4%) 

PETROGRAPHIC SLIDES 


When you purchase a 
PARAGON TRAY DRAWER CABINET 
YOU PURCHASE FILING SPACE ONLY 
NO WASTE SPACE-EVERY INCH USED 


U. S. Pat. No. 2,202,047 
C101—Tray Drawer Cabinet for 3 x 1 Micro Slides 
Capacity 4500—18% x 154 x 4% 


All Paragon Tray Drawer Cabinets 
are manufactured in standard sizes 


so that any number of sections may 


be interlocked to form one cabinet 

to accommodate any number of 

varied slides. The dimensions of the 

different cabinets are the same as 

to length and width, varying only in 

height. The cabinet formed by inter- 

locking may be 1834 x 1534; 1834 x 

11 or 1834 x 5 or it may be a pyramid 

with the sections varying in width, C221—Capacity 1500 Slides—1854 x 11 x 37% 
For Filing KODACHROME TRANS- 

PARENCIES and 2x2” SLIDES 

SPECIFICATIONS: All Paragon Tray Drawer Cabinets are made of 

reinforced steel construction, olive green finish. Interlocking device enables 

several units to be joined into one. Each sectional unit contains remov- 

able drawers with hand grip in front and rear. Interlocking steel base 

obtainable whenever required. Constructed according to rigid specifica- 

tions—not merely adapted. 


Address your orders and inquiries to Dept. P. 
Manufactured Exclusively by 


PARAGON C. & C. C0., Inc. * 2540 Belmont Ave., New York 58, N.Y. 











ALCOHOLICS ANONYMOUS 
Written from the standpoint of a member, the basic 
All of the ‘treatment procedures are described and the psychological 


: : sroblems confronting the alcoholic are discussed. 
following articles have " — B ee 


appeared in TODAY'S HEALTH 
and are now available 
in pamphlet form. 


4 pages, 10 cents 


ALCOHOL AND CIRRHOSIS OF THE LIVER 


Relationship between alcohol, diet and cirrhosis. Increasing 
stress on nutritional differences. 

by Russell S. Boles 

4 pages, 10 cents 


HOW TO HELP A PROBLEM DRINKER 

Understanding the alcoholic’s capabilities, the necessity of 

help, causes of his condition. 

by Edward A. Strecker and Francis T. Chambers, Jr. 

4 pages, 10 cents 
POOL SE ccc cnceruantt or acomciinns 


Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 


an by Lewis Inman Sharp 
4 pages, 10 cents 
7 CONDITIONED REFLEX TREATMENT 
important OF CHRONIC ALCOHOLISM 
Its place among methods of treatment today, 
its development and correlation with personality factors. 


problem by Walter L. Voegtlin 


4 pages, 10 cents 


in today’s living INSTITUTIONAL FACILITIES FOR THE 


TREATMENT OF ALCOHOLISM 


Comparative differences, in drinking, with 

the last century, new establishments and methods of treatment, 
lack of trained personnel. 

by E. H. L. Corwin 

4 pages, 10 cents 


THE ABOVE SIX PAMPHLETS ARE ALSO AVAILABLE IN BOOKLET FORM FOR ONLY 50 CENTS 


HOW TO MEASURE DRUNKENNESS 


A partial transcript of an actual courtroom case. 
H. A. Heise 
8 pages, 10 cents 


ADDRESS REQUESTS TO: 


BUREAU OF HEALTH EDUCATION 
AMERICAN MEDICAL ASSOCIATION 

535 NORTH DEARBORN STREET 

CHICAGO 10, ILLINOIS 
























































> 


¥% will want to know more about the new 
aerodynamic guard bowl ventilating system— 
the new stainless steel interior —- the stainless 
stee! auxiliary cover that saves valuable bench 
space — the electric tachometer — the electric 
time clock — the unique air-filtering system— 
the spring-loaded hinge — the new vibration 
dampening system which results in smooth 


INTERNATIONAL EQUIPMENT 











FOR THE 


Nodern Laboratory 


The new INTERNATIONAL MODEL U is 
more than just a Centrifuge in a 
cabinet. International’s experienced 
engineering has produced a Centrifuge 
with years-ahead features and 
unmatched performance. 


operation without the “shaker” action of 
over-flexible mountings — the versatility of 84 
interchangeable accessory combinations. 

Let us tell you more about this completely 
new Centrifuge, handsomely designed to fit in 
with your wall counters and cabinets. Write 
for Bulletin J explaining all these features in 
detail. 


COMPANY 


1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 





In Myocardial Infarction 


C-R-P-A 


C-Reactive-Protein Antiserum — Schieffelin 
A highly sensitive test for presence of inflammation 


@ Investigators have found this test to be consistently negative in cases of 
cardiac insufficiency uncomplicated by myocardial infarction and inflam- 


mation.'* 


based upon presence of specific C-reactive protein in serum of patients 
with certain inflammatory diseases — characteristic precipitin reaction 
develops upon addition of C*R*P*A to serum of such patients .. . 


C-reactive protein is never found in normal serum.’ 


simple, economical, routine laboratory procedure that has been demon- 
strated to be the most consistently positive test in the presence of rheu- 
matic activity’ . . . often reveals presence of subclinical inflammatory 
reactions . . . detects relapse or recurrence of inflammatory disease . . . 


and aids in gauging adequacy of therapeutic regimens. 


“False positive tests do not occur since CRP is not present, even in trace 
amounts, in normal sera’ . . . accurate qualitative reading may be made 
within 30 minutes ... preliminary quantitative estimate obtained within 


2 hours. 


For detailed instructions on the materials and techniques required for the 
use of C*R*P*A —Schieffelin, just send us a request and we will mail 
you a descriptive brochure. 


. Kroop, I. G. and Shackman, N. H.: Proc. Soc. Exper. Biol. & Med. 86:95 (May) 1954. 
. Wood, H. F., amd McCarty, M.: J. Clin. Investigation 30:616 (June) 1951. 

. Seollerman, G. H., et al.: Am. J. Med. 15:645 (Nov.) 1953. 

- Hedlund, P.: Acta med. Scandinav., Supplement 196:579, 1947. 


Supplied: 1 cc. vials (30-40 determinations) 


Sehiyffelin g Cc.. Pharmaceutical and Research Laboratories since 1794 


18 Cooper Square, New York 3, N.Y. * trademark 





EARLY JOINT LESIONS OF RHEUMATOID ARTHRITIS 


Report of Eight Cases, with Knee Biopsies of Lesions of Less Than One Year's Duration 


J. PETER KULKA, M.D. 
DOUGLAS BOCKING, M.D. 
MARIAN W. ROPES, M.D. 
and 

WALTER BAUER, M.D., Boston 


HE PURPOSE of the present inves- 
tigation was to study the anatomic 
changes in the earliest available joint lesions 
of rheumatoid arthritis in order to gain a 
better understanding of the sequence of 
events in the disease process. Such data are 
difficult to obtain, since the onset of the dis- 
sase tends to be insidious and rarely gives 
occasion for biopsy or autopsy. Moreover, 
if an anatomic examination is permitted, pro- 
longed observation of the patient is usually 
necessary for a reasonably certain diagnosis. 

The classic anatomic studies have been 
concerned almost entirely with lesions from 
patients who had reached the slowly 


gressive, permanently deforming stage.* At 


pro- 


this stage the arthritis typically has the fol- 
lowing microscopic features: (1) prolifera- 
tion of synoviocytes and subintimal fixed 
cells, with villous synovial hypertrophy; (2) 
massive subintimal lymphocytic and, at times, 
plasma cell infiltration, with focal juxtavas- 


cular collections, and large lymphocytic nod- 


ules having a predilection for the bulbous 
ends of hypertrophied villi; (3) cartilage re- 
placement by ingrowth of connective tissue 
pannus, and (4) chronic inflammatory cell 

This is Publication No. 


Lovett Memorial 
Crippling Diseases. 


177 of the Robert W. 
Foundation for the Study of 

The expenses of this investigation have been de- 
frayed in part by a grant from the Commonwealth 
Fund. 

From the Medical Clinic of the Massachusetts 
General Hospital; the Departments of Medicine and 
Pathology, Harvard Medical School, and the Mas- 
sachusetts Department of Public Health. 


* References 1 and 2. 


infiltration and proliferation of subchondral 
connective tissue, with erosion and penetra- 
tion of the subchondral bony plate. This 
histologic picture tends to be diffuse through- 
out the joint and seems to have little in com- 
mon with the focal, more specific pathologic 
process which characterizes the rheumatoid 
nodule. 

Only a few joint lesions of rheumatoid 
arthritis which were examined microscopi- 
cally within a year after their clinical onset 
or while activity of the disease was maximal 
have previously been reported. Perhaps the 
earliest description of such lesion is that of 
Allison and Ghormley in their Case 1 of 
“proliferative arthritis.” ? However, this case 
vas somewhat atypical, being associated with 
nongonorrheal urethral discharge, and the 
possibility of Reiter’s syndrome was not ex- 
cluded. Klinge* studied the joints from a 
case of Still’s disease of four months’ dura- 
chronic 
polyarthritis, with or without carditis. He 
fibrin 
deposits, “fibrinoid degeneration,? and necro- 


tion and various cases of “active” 


called attention to the occurrence of 


sis in both the synovialis and the articular 
cartilage and emphasized the basic similarity 
of such changes to those in rheumatoid and 
rheumatic nodules. Fisher,* in the course of 
arthrotomies for lavage therapy, examined 
joints during active stages of rheumatoid ar- 
thritis. In a case of nine months’ duration, 
he stressed the “almost constant” presence 
of superficial and deeper-lying areas of “fi- 
brinoid degeneration,” apparent grossly as 
“granular areas” on the synovial surface. He 
also referred to “giant cells of the Aschoff 
type” and likened the entire microscopic pic- 


ture to that of the synovitis of rheumatic 
a 

+ The terms “fibrinoid degeneration” and “fibri- 
noid” have had varied usage in the past. We prefer 
the purely descriptive expression “fibrin-like ma- 


terial.” 
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fever. Steinberg ° reported a synovial biopsy 
from a case of monarticular rheumatoid ar- 
thritis of one month’s duration but did not 
state whether the diagnosis was confirmed by 
follow-up. The lesion showed focal collections 
of lymphocytes and an increase in fibroblastic 
activity and in the number of capillaries. In 
a case with typical rheumatoid arthritis of 
more than two years’ duration, the synovitis 
was characterized by 
philes,” 


“abundant neutro- 
as well as round cells. Pique and 
Schajowicz,*® reporting biopsies in six “sub- 
acute” cases, including three of less than one 
year’s duration, described the synovial mem- 
brane as grossly thickened and hyperemic 
with adherent masses of readily detachable 
“fibrinoid.” Microscopically, “fibrinoid” was 
present in all their early cases, and they con- 
sidered it of diagnostic significance. Collins * 
published a high-power photomicrograph of 
a small lymphocytic focus from a lesion of 
four months’ duration. Parker and Keefer * 
reported the case of a patient who committed 
suicide at the height of the disease, two years 
after the onset. They observed interstitial 
and superficial fibrin, focal necrosis of the 
synovialis, cartilage, and subchondral fat, 
perivascular hemosiderin deposits, and giant 
cells. Probably the earliest human arthritic 
lesion of any type ever examined was one 
of 20 to 24 hours’ clinical duration described 
by Hench® in a patient with palindromic 
rheumatism, which is frequently a manifes- 
tation of rheumatoid arthritis.’° “Cheesy bits 


of coagulated material” were noted grossly in 
the joint cavity, and a superficial fibrino- 
purulent exudate, as well as neutrophile in- 


filtration of the synovialis, was seen on mi- 
croscopic examination. 

Thus, most previous reports of both early 
and highly active rheumatoid joint lesions 
differ from the classic descriptions, based on 
long-standing lesions, in their emphasis on 
subacute exudative or necrobiotic changes. 

Our own study is based on eight cases of 
rheumatoid arthritis with knee biopsies seven 
days to nine months after the onset of clinical 
involvement of the respective joints. The 
actual onset of the tissue changes may, of 
course, have preceded the appearance of 
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symptoms or signs by an unknown period of 
time.t The diagnosis was based in every in- 
stance on the presence of chronic symmetrical 
polyarthritis and consistent laboratory find- 
ings. The cases varied considerably both 
clinically and pathologically ; the specimens 
removed at biopsy were of necessity small, 
and the inflammatory process varied widely 
within the same joint. For these reasons, 
each of the lesions to be presented must be 
considered individually in relation to the 
clinical findings. The cases are arranged in 
order of clinical duration of the lesions at the 
time of biopsy. 


REPORT OF CASES 

Case 1.—Synovitis of left knee, 
“duration.” 

E. L., a 71-year-old draftsman, had been in good 

health until two years before entry, when he had a 


seven days’ 


seven-week episode of stiffness and pain in his 
spine. Thereafter, he had fleeting arthralgia in the 
metacarpophalangeal joints. Three weeks before 
entry, he developed pain in the right shoulder and 
both feet. He also had a weight loss of 8 Ib. (3.6 
kg.). The admission temperature was 100.4 F. There 
was some limitation of motion of the right shoulder 
and right knee. The tarsal and metatarsophalangeal 
joints were swollen, warm, and tender. The hemo- 
globin was 13 gm. The white cell count was 8,400, 
with a normal differential. The sedimentation rate 
(Rourke-Ernstene 1") 1.68 mm. per minute 
(upper limit of normal, 0.35 mm.). A Hinton test 
was negative. X-ray films of the knees showed 
mild degenerative changes and mild decalcification, 
more marked on the right. The pelvic bones showed 
changes characteristic of Paget's disease. The feet 
improved 


was 


treatment, but the 
temperature and sedimentation rate remained ele- 
vated. Thirty-three after admission slight 
stiffness was first noted in the left knee, which also 
lacked 25 degrees of full 
later, an effusion appeared. Seven days after the 


under conservative 
days 
flexion, and five days 


onset of symptoms in the left knee a biopsy was 
performed. One month later the arthritis began to 
subside and all joint motion slowly returned to 
normal. Five months later, only slight soft tissue 


thickening of the left knee remained. 


Bropsy FINDINGS 

(#H-1879).—An _ anteromedial ar- 
was performed, without the use of a 
tourniquet. The joint capsule was bulged out by an 


LT 


Left Knee 
throtomy 


t To denote this uncertainty, the word “dura- 
tion” is placed in quotes when referring to a lesion. 
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Fig. 1 (Case 1; H-1879).—Slight synoviocytic 
proliferation and segregated collagenous bundle 
at base of minute synovial villus. Note the absence 
of significant inflammatory cell infiltration. Hema- 
toxylin and eosin; reduced 4% from mag. 350. 


estimated 30 cc. of turbid, pale yellow fluid (Table 


1). The synovialis seemed smooth and slightly 


hyperemic. The exposed articular cartilage appeared 
normal. 
Small pieces of parietal synovialis from the infra- 


patellar pouch and of visceral synovialis from the 


Fig. 2 (Case 1; H-1879).—Miliary granuloma 
on surface of visceral synovialis. The core of the 
lesion is formed by branches of the venule at the 
lower right, most of which is cut tangentially in this 
particular section. Note “button” of fibrin-like ma- 
terial, disruption of collagenous stroma, and patchy 
accumulation of ground substance, which displaces 
some fat cells in lower portion of field. Phospho- 
tungstic acid hematoxylin; reduced 44 from mag. 
x 150, 


why « 
+o ie 
te ged 


margin of the medial femoral condyle were fixed 
in 10% neutral formalin and Helly’s fluid. Serial 
sections were stained with hematoxylin and eosin, 
Mallory’s phosphotungstic acid hematoxylin, Mas- 
son’s trichrome stain, toluidine blue, and 
reticulum stain. Frozen sections were studied for 
lipids and birefringence. 


Foot’s 


The sections showed a slight, diffuse, pro- 
liferative reaction, confined almost entirely 
to the synovial intima (Fig. 1), and a focal, 
nonsuppurative,§ and granulomatous inflam- 
mation, which tended to be centered about 
certain subintimal venules and capillaries 
(Figs. 2 through 5 

The intima had a pseudostratified appear- 
ance, with a basal zone, containing two to 
five “layers” of nuclei, and a_ superficial 
eosinophilic granular zone of variable thick- 


Fig. 3 (Case 1; H-1879).—Inflammation centered 
about blood vessels near synovial fissure or crypt. 
The arrow points to a capillary which is almost 
occluded by endothelial hypertrophy and surrounded 
by a delicate fibrin network, as well as by emigrat- 
ing polymorphic mononuclear cells. The synovial 
intima adjacent to this capillary is distorted. Hema- 
toxylin and eosin; reduced % from mag. x 390. 


ness, which appeared to consist of the elon- 


gated cytoplasmic processes of the synovio- 


cytes. There was no appreciable amount of 


intracellular or extracellular Sudanophilic or 
birefringent material. The basal synovio- 


cytes were rounded and showed occasional 


§ This term denotes that the cellular exudate is 
predominantly of the lymphoid series; “granulom- 
of the 
endothelial series. Such reactions could hardly be 


atous” designates predominance reticulo 
referred to as “chronic” when they occur in lesions 


of days’ or weeks’ duration. 
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Fig. 4 (Case 1; H-1879).—Venulitis with partial 
luminal obstruction by small mononuclear leuco- 
cytes. Note the focal infiltration of the overlying 
synovialis by similar cells. Hematoxylin and eosin; 
reduced 4% from mag. x 350. 


mitoses. They were surrounded by a delicate 
argyrophilic reticulum, which 
toward the surface. 


“faded out” 


The focal inflammation was best developed 
in the loose, areolar visceral synovialis and 
varied from perivenular lymphocytic infiltra- 
tion to well-defined, miliary, granulomatous 
lesions (Fig. 2). Some of these lesions were 
confluent, while others were spaced as far as 
1 cm. apart, and their outlines conformed 
roughly to the drainage bed of one or more 
medium-sized venules. The lesions were com- 
posed of dense accumulations of lymphocytes, 
small mononuclear wandering cells, and pro- 
liferating fixed cells showing occasional mi- 
toses. The lymphocytes extended centrif- 
ugally along venules for varying distances. 
The mononuclear wandering cells tended to 
have irregular, sausage-shaped nuclei and 
scanty, ill-defined cytoplasm. They were most 
numerous in the central portions of the le- 
sions and seemed to be emigrating through 


the walls of certain venules and capillaries, 


which also showed endothelial hyperplasia 
with narrowing of the lumens 
Pyknosis and karyorrhexis of 
were common within and outside the walls 


(Fig. 3). 
leucocytes 
of such vessels, and some vessels were 
plugged by intraluminal collections of lym- 
phocytes and monocytes (Fig. 4). Overlying 
the central portions of the miliary foci there 
were usually small patches of amorphous, 
fibrin-like material interspersed with a few 
pyknotic nuclei (Fig. 2). Occasionally there 
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was also reticular fibrin radiating from in- 
flamed vessels (Fig. 3). Intact neutrophiles 
were present in only a few focal lesions, 
where they emanated from superficial capil- 
lary loops. The synovial intima over the 
regions of intense exudation was frequently 
disrupted with scattering or necrosis of the 
synoviocytes (Fig. 5). There were also a few 
synoviocytic giant cells, with basophilic cyto- 
plasm and up to four nuclei. In some in- 
stances, subintimal collagenous fibers were 
fragmented, fused, and sequestrated by the 
granulomatous tissue (Fig. 5). A few similar 
isolated collagenous fragments were also 
found in the absence of granulomatous in- 
flammation, usually in association with mi- 
nute intimal villi (Fig. 1). 

In the subintimal fat, there were several 
foci of apparent atrophy with small fat vacu- 
oles or foam cells. Deeper in the synovial 
membrane, inflammatory changes were mini- 
mal, but there was some patchy interstitial 
accumulation of an eosinophilic ground sub- 
stance, which stained blue with anilin blue 
and replaced some of the fat cells. The fixed 
cells lying within this substance were often 
hypertrophied. A few iresh focal extravasa- 
tions of red blood cells were probably the 
result of operative trauma. 


Fig. 5 (Case 1; H-1879).—Synovial granuloma 
with necrobiosis. Note disruption and ischemia of 
superficial synovialis in passing from margin of 
granuloma, at the left, to its center, at right border 
of field. In the right upper corner there is an al- 
most obliterated capillary surrounded by a few 
relatively well-preserved fixed cells. A sequestrated 
mass of fused collagenous fibers is seen to the right 
of center. Hematoxylin and eosin; reduced 44 from 
mag. x 180. 
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COMMENT 

A three- to four-month episode of sym- 
metrical polyarthritis involving the feet and 
knees began at an advanced age, was asso- 
ciated with mild constitutional symptoms, 
and subsided without permanent deformity. 
The synovial fluid was unusual in showing 
good mucin, slight leucocytosis, and a very 
high mononuclear cells.** 
arthritis 


thought to be a far more likely diagnosis 


percentage of 
Nevertheless, rheumatoid was 
than any other recognized disease entity. The 
principal microscopic features of the “seven- 
day” lesion were (1) slight diffuse intimal 
proliferation; (2) slight segmental infiltra- 
tion of subintimal blood vessels and peri- 
vascular connective tissue by lymphocytes 
and small mononuclear wandering cells, oc- 
casionally associated with thrombosis or leu- 
cocytic plugging, and (3) superficial miliary 
granulomas characterized by infiltration of 
small polymorphic mononuclear wandering 
of the in- 
tima, fragmentation of collagenous bundles, 
and intensified 


cells, disruption or necrobiosis 


with 
fibrin deposition. The segmental distribution 
and the intensity of the vascular changes 


vascular involvement 


relative to those in the adjacent tissue sug- 
gested the possibility of primary blood vessel 
damage. 


CasE 2.—Synovitis 
“duration.” 


of right knee, nine days’ 

H. D., a 59-year-old spinster, had been well most 
of her life except for occasional epistaxes, bouts of 
diarrhea, and “nervousness.” At the age of 14 years, 
she had pain in her ankles, lasting several weeks. 
At 21 years, she had painful knees and hips for 
five weeks, but without residua. 
Three years before admission, the right knee was 


again recovered 
painful for several days, but physical examination 
was negative. Two months before entry, she began 
to have pain in her feet and had arch supports made. 
Ten days before entry, she began to have aching 
of the neck and shoulders with pain radiating from 
the left arm. These symptoms responded to local 
heat Four days before 
entry, during a spell of rainy weather, both knees 
became stiff and painful. By the following day, 
the hips and ankles were similarly involved, and 


rT 


and acetylsalicylic acid. 


|| This denotes necrosis of a varying proportion 
of cells, with incomplete disintegration of the inter- 
cellular matrix. 


she was unable to walk. On entry, she had a tem- 
perature of 101.4 F. and an upper respiratory 
infection with Both knees were 
moderately hot, tender, and swollen, with evidence 
of effusion. The ankles were tender, and there was 
tenderness over both greater trochanters and the 
metatarsal heads. The heart was normal. The hemo- 
globin was 13 gm. The white blood cell count was 
10,600, with 83% neutrophiles. The corrected sedi- 
mentation rate (Rourke-Ernstene ™) was 2.14 mm. 
per minute. X-ray films of the knees and feet 
showed no bony changes. The patient was treated 
with rest and acetylsalicylic acid, “and, beginning 


rhinorrhea. 


one day after entry, there was rapid subsidence of 
the articular symptoms and the temperature. On the 
fifth hospital day, a biopsy of the right knee was 
performed. After the operation, the patient con- 
After one month, all 
joints had normal range of motion, but slight soft- 


tinued to improve slowly. 


tissue thickening remained in both knees. The sedi- 
mentation rate was still elevated to 0.52 mm. per 
minute. 

Biopsy FINDINGS 

Right Knee (#H-1929).—A medial parapatellar 
arthrotomy was performed, without the use of a 
tourniquet. The synovialis was slightly reddened 
but smooth. There was no pannus. A small effusion 
was present (Table 1). 

Small pieces of visceral and parietal syno- 
vialis were fixed in formalin and in Zenker’s 
fluid. Sections were stained with hematoxylin 
and eosin, phloxine-methylene blue, and tolu- 
idine blue (for metachromasia) and by the 
periodic acid-leucofuchsin technique. Frozen 
sections were examined for lipids. The pre- 
dominant microscopic findings were a diffuse 
intimal proliferative reaction with scattered 
mitoses and palisading of the synoviocytes in 
some regions (Fig. 6) and some patchy sur- 
face deposits of fibrin-like material. Occa- 
sional coarse collagenous masses were pres- 
ent within or just beneath the intima. In the 
subintima { there was slight to moderate 
fixed-cell proliferation and minimal perivas- 
cular infiltration of lymphocytes, mononu- 
clear phagocytes, and mast cells. In the deep 
areolar portion of the visceral synovialis, 
there were several ill-defined foci of more 
intense inflammation, characterized by ede- 


§ This term denotes the zone of richly vascular 
connective tissue immediately beneath the synovial 
intima. The subintima contains the most superficial 
arteriolar and venular plexuses and the capillary 
loops which arise from them. 


133 





Fig. 6 (Case 2; H-1929).—Synovial recess show- 
ing palisading of proliferating synoviocytes and sur- 
face deposit of fibrin-like material. Hematoxylin 
and eosin; reduced 4% from mag. x 155. 


7 


ma, fibrin deposition, scattered neutrophiles, 


and proliferating polymorphic cells ( Fig. 7). 
These cells tended to resemble Aschoff cells 
in having abundant basophilic cytoplasm 
and one to three hyperchromatic nuclei 
with central chromatin bars. Some arterioles 
in the vicinity of these regions contained 
The interstitial 
substance was stained with about the same 


fibrin thrombi. edema-like 
intensity as collagen by the periodic acid- 
leucofuchsin technique, but was not meta- 
chromatic. The fat stains (Sudan red) were 
negative. 
CoMMENT 

While the episodes of arthralgia in the 
history were all relatively mild and left no 
residua, such a course is not uncommon in 
the 
clinical features of the symmetrical poly- 


mild rheumatoid arthritis. Moreover, 
arthritis which occasioned the patient’s ad- 
mission were entirely consistent with this 
diagnosis. The duration of involvement of 
the knee on which biopsy was performed was 
only eight days. However, the effusion had 
been present for at least five days and the 
articular symptoms had been subsiding for 
four days. The synovial fluid and anatomic 
findings had much in common with those in 
Case 1. Although the total white blood cell 
count in the synovial fluid was almost three 
times as high and the mucin precipitate was 
— = 
dominance of mononuclear cells. Histologi- 
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there was the same striking pre- 
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cally, the proliferative intimal reaction was 
closely similar. No foci of angiitis or granu- 
lomatous inflammation were seen along the 
synovial surface, but the isolated collagenous 
masses and deeper-lying regions of edema 
and proliferating mesenchymatous cells re- 
sembled those seen in rheumatic and early 
rheumatoid nodules.# 

Case 3.—Synovitis of left knee, 
weeks’ “duration.” 

D. B., a 2%-year-old girl, fell from a tricycle 
three months before admission. One week later she 
was noted to be limping and her left ankle was 
swollen. One month before admission, the patient 


10 days’ to 6 


was carefully examined by a private physician, and 
all other joints were normal. On entry, the rectal 
temperature was 99.4 F, The left ankle was swol- 
len, indurated, warm, painful, and limited in motion. 
The left calf showed ™% in. of atrophy. The left 
knee was slightly swollen but had normal range of 
motion. The hemoglobin was 9.4 gm.; the white 
blood cell count was 7,150, with 55% neutrophiles, 
38% lymphocytes, 4% monocytes, and 3% eosino- 
philes. A Hinton test was negative. The sedimenta- 
tion rate was 55 mm. in one hour (Westergren). 
X-ray films of the left knee and ankle showed only 
soft-tissue thickening. On a program of bed rest, 
local heat, and acetylsalicylic acid, tenderness and 
warmth of the involved joints decreased, but on the 
eighth hospital day an effusion appeared in the left 
knee. After biopsy of the left knee, on the 10th 
hospital day, the knee and ankle gradually improved, 
a 


# Reference 4 and unpublished observations. 


Fig. 7 (Case 2; H-1929).—(A) High-power field 
from localized region of edema, reticular fibrin 
deposition, and proliferating mesenchymatous cells. 
Note mitosis in upper left-hand corner and “owl 
eye” cells. PAS and hematoxylin; reduced 4% from 
mag. X 390. (B) Trinucleated “Aschoff” cell from 
adjacent field; PAS and hematoxylin; reduced \% 
from mag. x 390. 
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but within the next 4 months the left thumb, right 
fourth toe, and right knee became involved. Mild 
limitation of motion and elevation of the sedimenta- 
tion rate continued for nine months after entry and 
then gradually subsided. Fifteen months after entry, 
only the left ankle was limited in motion. 


Biopsy FINDINGS 

Left Knee (#H-1876).—The left knee was opened 
through a medial parapatellar incision, without the 
use of a tourniquet. About 5 cc. of clear straw- 
colored fluid was present in the joint cavity (Table 
1). The synovialis was moderately hyperemic and 
hypertrophied with some large villi. The cartilagi- 
surfaces of the medial and tibial 


nous femoral 


Fig. 8. (Case 3; H-1876)—Capsular synovialis 
with intimal and subintimal hyperplasia, palisading 
of superficial synoviocytes, and fibrinopurulent exu- 
date on surface; hematoxylin and eosin; reduced 
16 from mag. xX 220. 


condyles appeared normal. A small piece of fibrous 
parietal synovialis just medial to the medial femoral 
condyle was removed. 


Microscopic examination revealed a dif- 
fuse, nonsuppurative inflammation, which 
varied somewhat in intensity and was con- 
fined almost entirely to the intima and subin- 
tima (Fig. 8). In regions of more marked 
inflammation, there were thin patches of 
fibrinous surface exudate admixed with a 
few neutrophiles. The intima varied from 
two to seven apparent cell layers in thick- 
ness. The synoviocytes tended to be rounded 


with ill-defined cell outlines and resembled 
the mononuclear cells in the exudate, but in 
places beneath the surface exudate they were 
arranged in palisade formation (Fig. 8). 
The basal synoviocytes were surrounded by 
a delicate argyrophilic reticulum. The subin- 
tima was hyperemic, with apparent increase 
in vascularity, and contained scattered 
lymphocytes, mononuclear wandering cells, 
and rare neutrophiles. In one region, there 
was edema, possibly of traumatic origin. 


COMMENT 


The diagnosis of rheumatoid arthritis was 
confirmed by the development of chronic 
polyarthritis with symmetrical involvement 
of the knees. As in Case 1, the effusion was 
of two days’ duration when aspirated. The 
fluid did not clot; the mucin precipitate was 
“fair,” '* and the white blood cells were more 
numerous. Again, these cells were almost 
entirely mononuclear. The biopsy specimen 
of fibrous parietal synovialis showed super- 
ficial, proliferative synovitis, with some sur- 
face deposits of fibrin and palisading of syno- 


viocytes, but no obvious vascular damage. 


It should be noted that in the previous two 


cases vascular lesions were found only in the 
visceral synovialis. 


Case 4.—Synovitis of left knee, 16 days’ to 3% 
months’ “duration,” and communicating popliteal 
cyst, of 3Y% months’ “duration.” 

B. O., a 60-year-old single domestic, noted swel- 
ling, stiffness, and pain in the left knee three and 
one-half months before entry. With bed rest the 
symptoms disappeared in a few days, but swelling 
in the left popliteal fossa persisted. One week before 
entry, the left knee again became stiff, painful, and 
swollen ; later, the right knee was 
similarly affected. On admission, the vital signs 


three days 
were normal. The left knee was warm, tender, and 
had a moderate effusion. A cyst measuring 6 by 3 
by 2 cm. was present in the popliteal space. The 
right knee was swollen and tender. The hemoglobin 
was 12 gm.; white blood cell count was 5,500, with 
80% neutrophiles and 18% lymphocytes. The sedi- 
mentation rate (Wintrobe, uncorrected) was 30 mm, 
in one hour. X-ray films of the knees showed free 
fluid, soft-tissue thickening, and some degenerative 
joint disease, but the bones were well mineralized. 
Aspiration of the left knee resulted in 50 cc. of 
cloudy yellow fluid (Table 1). The patient improved 
under conservative treatment. Nine days after ad- 
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and 
was 


when the left knee still 
slightly and the sedimentation rate 
1.35 mm. per minute (Rourke-Ernstene?!), the 
left popliteal cyst was excised and a synovial biopsy 
of the left quadriceps pouch was performed. After 
operation the patient continued to improve, but 
shortly after discharge she again developed pain 


mission, was warm 


swollen 


and effusions in both knees, which graduaily led to 
complete incapacity. 


310PsY FINDINGS 


Left Popliteal Cyst (#H-1815A).—At operation 
the cyst was found to communicate with the knee 
joint through an ostium 1.0 cm. in diameter. The 
cyst, as well as the joint, contained a small amount 
of thin, slightly cloudy fluid with a few flecks of 
fibrin. The cyst lining was very shaggy with many 
soft, “somewhat sticky” tags. The exposed cartilage 
was yellowish and roughened. 


On microscopic examination, the cyst wall 
was composed of moderately dense connec- 
tive tissue, averaging 3 mm. in thickness. 
The lining was ragged, intensely inflamed, 
and covered by adherent tags of fibrinopuru- 
lent exudate and more or less devitalized tis- 
sue. Near the opening into the joint, the 
cyst lining was continuous with hypertrophic 
synovialis. 

The exudate within the cyst consisted of 
a coarse, fibrin-like reticulum, in the meshes 
of which there were varying numbers of 
neutrophiles and various mononuclear cells, 
including foamy histiocytes and large poly- 
morphic cells with hyperchromatic nuclei 
and basophilic cytoplasm. Some of these in- 
flammatory cells were undergoing necrosis. 
There were also occasional isolated fragments 
of collagenous tissue and cartilage, most of 
which contained some viable cells. The in- 
flammatory reaction in the cyst lining was 
varied. In focal regions, the fibrin-like sub- 
stance and inflammatory cells infiltrated the 
superficial tissue to varying depths, accumu- 
lating along cleavage planes between the 
collagenous bundles and appearing to split 
bits of (Fig. 9). 


Elsewhere there was intense proliferation of 


dense connective tissue 
fibroblasts and capillaries, with some invasion 
of the exudate. Small hemorrhagic extrava- 
sations were common in the zone immedi- 
ately beneath the exudate, and occasional 
hemosiderin granules were present in the 
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deeper tissues. The intact portions of syno- 
vial membrane showed slight villous hyper- 
trophy and marked proliferation of the in- 
tima, which varied up to five apparent cell 
layers in thickness. Cellular infiltration in 
the subintima varied from minimal to mod- 
erate, with lymphocytes predominating in 
some areas and neutrophiles in others. There 
were occasional foreign body giant cells. 
Hypertrophy and hyperplasia of fixed cells 
and small vessels were generally prominent. 
The superficial vessels were thickened and 
narrowed by the proliferative process, and 
some contained fibrin thrombi. The deeper 
portions of the cyst wall showed slight edema, 
fibrosis, and perivascular lymphocytic infil- 
tration. 


Fig. 9 (Case 4; H-1815A).—Lining of popliteal 
cyst showing interstitial deposition of fibrin-like 
material associated with necrobiosis and connective 
tissue fragmentation. Phosphotungstic acid hema- 
toxylin; reduced % from mag. x 115. 


Left Knee (#H-1815C).—An incision was made 
along the of the quadriceps 
pouch. The synovialis appeared slightly edematous 


anteromedial aspect 


but was not strikingly injected or hypertrophic. The 
cartilage of the medial femoral condyle was normal, 


and no pannus was seen. 


The biopsy specimen consisted of fatty 
synovialis, which showed moderate intimal 
hyperplasia and fibrosis but little exudative 
inflammation. The intima varied up to four 
apparent cell layers in thickness. Inflamma- 
tory cell infiltration was mainly subintimal 
and consisted of scattered lymphocytes, with 


occasional histiocytes and rare neutrophiles. 
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The fibrosis was patchy and involved both 
the subintima and the adjacent connective 
tissue septa. The fibroblasts in the fibrotic 
regions were plump and often had prominent 
cytoplasmic processes. One superficial patch 
of fibrosis was circumscribed and _ partly 
hyalinized ( Fig. 10). There was also a focus 
of fat injury, with infiltration of foam cells. 


COMMENT 


The diagnosis of rheumatoid arthritis was 
based mainly on the recurrent symmetrical 
involvement of the knees. The initial symp- 
toms, 3% months before biopsy, lasted for 
only a few days and did not recur until 16 
days before operation, but the inflammatory 


Fig. 10 (Case 4; H-1815C).—Nonspecific chronic 
synovitis and patchy fibrosis in patellar fat pad; 
hematoxylin and eosin; reduced % from mag. Xx 94. 


popliteal cyst, which developed at the onset, 
persisted. At the time of biopsy, the joint 
had been subsiding again for eight days but 
The 


popliteal cyst, which communicated with the 


was still warm and slightly swollen. 


joint cavity, resembled a rheumatoid nodule 
in showing central necrobiosis, fragmenta- 
tion of collagenous tissue, and accumulation 
of fibrin-like substance surrounded by a zone 
of nonsuppurative or granulomatous inflam- 
mation. The vessels in this zone were sparse 
or narrowed by endothelial hypertrophy, and 
there was evidence of recent and old focal 
hemorrhage. The low degree of inflamma- 
tory activity in the anterior portion of the 
joint was consistent with the subsidence of 


clinical signs during the preceding eight days. 
The patchy distribution of the scarring sug- 
gested a localized form of tissue injury. 


Case 5.—Synovitis of right knee, 4% months’ 
“duration,” but subsiding for 20 days. 

L. H., a 19-year-old housewife, had had three 
previous episodes of arthritis: At the age of 15 
months the left knee was involved for six months; 
at 5 years both knees were affected for four months 
and there was an associated iridocyclitis of the left 
eye; and at 10 years both knees and the right wrist 
were for She then remained 
asymptomatic until four months before entry, when 
she again developed pain, stiffness, and swelling of 


involved one year. 


both knees. One week later, the elbows became in- 
volved, followed in three weeks by the ankles and 
fingers. Five days prior to entry, she complained of 
pain in the back, the second right proximal inter- 
phalangeal joint, and all the metatarsophalangeal 
joints. On admission, the vital signs were normal. 
The knees showed moderate effusions and peri- 
articular thickening. The right knee was warmer 
than the left and showed 5 degrees of permanent 
flexion, with further flexion to 100 degrees. The 
left knee showed full extension, with further flexion 
to 120 degrees. The metatarsophalangeal joints were 
tender. The elbows showed soft-tissue thickening 
and 15 degrees of permanent flexion. The second 
left metacarpophalangeal joint was swollen, and 
both wrists were painful on motion. The hemo- 
globin was 11 gm.; the white blood cell and differ- 
ential counts were normal. The sedimentation rate 
(Rourke-Ernstene 11) was 1.25 mm. per minute. 
X-ray films of the knees showed soft-tissue thicken- 
ing. In the hospital, the patient improved on con- 
servative treatment. Twenty days after entry, a 
biopsy of the right knee was performed. At this 
time the sedimentation rate had fallen to 1.07 mm. 
per minute, and the joint effusions had subsided. 
One year later, the sedimentation rate was 0.47 mm. 
per minute, but there was no evidence of joint 
disease. 
Biopsy FINDINGS 
Right Knee (#H-1648). 


knee joint 


At operation the right 
was found to contain no appreciable 
amount of fluid. The synovialis was thickened and 
reddish-purple. No pannus was apparent. 


Microscopic examination of a section from 
the suprapatellar pouch showed moderate vil- 
lous hypertrophy, with intense fixed-cell 
hyperplasia, marked infiltration of lympho- 
cytes and plasma cells, and a few neutro- 


philes. Lymphocytic nodules were present 


within some of the villi. The intima was 
hyperplastic, averaging about six apparent 
cell layers in thickness, and frequently showed 
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palisading of the hypertrophied synoviocytes 
(Fig. 11). Mitoses and binucleate cells were 
not uncommon. All but the most superficial 
synoviocytes were surounded by delicate 
reticulum fibers. Along the surface some of 
the cells appeared to have undergone karyol- 
ysis. In several synovial recesses there was 
slight interstitial deposition of fibrin and a 
small patch of fibrinopurulent exudate was 
adherent to the intima ( Fig. 11). The minute 
subintimal blood vessels were narrowed by 


cellular proliferation and hypertrophy, re- 


sulting in apparent ischemia of the super- 


Fig. 11 (Case 5; H-1648).—Rheumatoid synovitis 
showing adherent patch of fibrinopurulent exudate, 
intense intimal hyperplasia with palisading of the 
superficial synoviocytes, and a lymphoid nodule. 
Note the relative avascularity of the hyperplastic 
superficial zone. Hematoxylin and eosin stain; re- 
duced 15 from mag. x 170. 


ficial hyperplastic tissue. The larger, deeper- 
lying venules and veins were congested. In 
places there was slight edema. Slight focal 
hemosiderin deposition was present. In the 
deeper synovial connective tissue, the in- 
flammation was less marked and almost en- 
tirely juxtavascular. 


CoMMENT 
This patient had typical symmetrical rheu- 
matoid polyarthritis. The previous attacks 
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in childhood were probably too remote to 
contribute significantly to the inflammatory 
the 
lesion on which biopsy was performed. Al- 


features of four-and-a-half-month-old 
though the inflammatory process in the joints 
examined had been subsiding clinically for 
at least 20 days, the presence of fibrinopuru- 
lent surface exudate and the intense syno- 
viocytic proliferation suggested the continu- 
ance of inflammation. The synovitis was of 
the “classic” rheumatoid type, with hyper- 
trophied villi containing lymphocytic nodules. 
The minute superficial vessels were nar- 
Thus, 


the purplish gross appearance of the syno- 


rowed by endothelial hypertrophy. 


vialis was presumably caused by engorge- 
ment of the underlying venous plexus. 
Case 6.—Synovial and semilunar cartilage lesions 
of left knee, 
E. T., a 21-year-old single woman, first noted 
pain, stiffness, and swelling of the left knee five 
months before entry. The symptoms became pro- 


five months’ “duration.” 


gressively worse, and she lost 15 Ib. (6.8 kg.) in 
weight. On admission, the vital signs were normal. 
The left knee was warm and moderately swollen, 
with permanent flexion of 20 degrees and further 
flexion to 80 degrees. The hemoglobin was 80%; 
white blood cell count was 7,800. X-ray films of 
the left knee showed some joint narrowing and 
“bone atrophy.” Four days after entry, when the 
knee was still painful and limited in motion but 
less swollen, a partial synovectomy and meniscec- 
tomy were performed. Five months after entry, she 
began to have pain and swelling of the right knee, 
as well as pain and stiffness of the neck, left elbow, 
and left ankle. She gradually recovered and re- 
mained well for 16 years, when she had another 3- 
month episode of pain, stiffness, and swelling of 
the right knee and left shoulder. 


310PsY FINDINGS 
Left 


formed 


Knee (#H-60).—The operation per- 
with a tourniquet applied. The joint con- 


was 
tained about 2 cc. of amber fluid. The synovialis 
was greatly thickened, redundant, and bluish to 
grayish red. Some areas were suggestive of “caseous 
deposits.” The cartilaginous surface of the patella 
The 


condyles of the femur and tibia showed synovial 


was almost entirely covered with pannus. 
adhesions. Along the medial margin of the lateral 
tibial condyle, the cartilage was destroyed down to 
The resembled a fibrous 
and the of the lateral 


meniscus was largely replaced by fibrous tissue. 


bone. medial meniscus 


shred, anterior margin 
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Microscopic examination of sections from 
the quadriceps pouch, the infrapatellar fat 
pad, and both menisci showed a chronic syno- 
vitis with hypertrophic villi and folds, sepa- 
rated in places *y deep crypts. The intima 
was generally hyperplastic, with hypertrophy 
of the synoviocytes, which at times were ar- 
ranged in palisade formation with up to six 
apparent cell layers. The exudative inflam- 
matory reaction was characterized by scat- 
tered, discrete, lymphocytic nodules, as well 
as diffuse and perivascular infiltration of 
lymphocytes and plasma cells. Many of the 
lymphocytic nodules were situated within 


the villi, and some had well-developed reac- 


tion centers. Occasional Russell bodies were 


associated with the plasma cells. There was 


Fig. 12 (Case 6; H-60).—Focal neutrophile in- 
filtration adjacent to synovial crypt (upper right) ; 
hematoxylin and eosin; reduced % from mag. x 300. 


also a scattering of neutrophiles, eosino- 
philes, and macrophages, and several juxta- 
vascular collections of neutrophiles were 
present adjacent to a synovial crypt in the 
quadriceps pouch (Fig. 12). In the infra- 
patellar fat pad there were a number of 
patchy superficial deposits of an amorphous, 
fibrin-like material which resembled an or- 
ganizing fibrinous exudate (Fig. 13), but 
in places this material permeated the syno- 
vial lining and obscured the collagenous 
stroma (Fig. 13). Occasionally such fibrin- 
like regions were partly detached, forming 
semidetached 
trophy 


fringes. Fixed-cell hyper- 


and proliferation common 


throughout the subintima and extended to 


were 


one lh Ose 


Fig. 13 (Case 6; H-60).—Synovial crypt from 
infrapatellar fat pad showing chronic inflammation 
and fibrin-like deposits. The large deposit on the 
lower surface appears to represent a patch of 
organizing surface exudate, while the more diffuse 
deposit on the upper surface seems to have formed 
interstitially. In both instances the fixed cells, which 
are completely surrounded by the fibrin-like ma- 
trix, tend to be atrophic. Hematoxylin and eosin; 
reduced % from mag. X 115. 


varying degrees into the deeper tissues. In 
places there was fibrosis or interstitial ac- 
cumulation of slightly hematoxylinophilic, 


“mucinous” ground substance. In one sec- 


tion there were large slit-like spaces lined 
by a single layer of cells and containing a 
protein-rich fluid with occasional lympho- 
cytes. Edema was generally slight or absent. 
There were a few small hemosiderin deposits. 


Fig. 14 (Case 6; H-60)—(A) Medial meniscus 
with pannus encroachment at synovial margin and 
formation of fibrin-like material along the free sur- 
faces; hematoxylin and eosin stain; reduced 4% 
from mag. X 25. (B) Higher magnification of ad- 
vance margin of pannus. Interstitial fibrin-like ma- 
terial and fragmented nuclei are seen in the super- 
ficial cartilage distal to the pannus, as well as in 
the pannus itself. Reduced % from mag. x 115. 


. 





Many small blood vessels were prominently 
involved by the general fixed-cell reaction, 
with thickening of their walls and narrowing 
of the lumens. Such vascular proliferation 
and narrowing were particularly prominent 
in the subintima, which thus appeared rela- 
tively ischemic (Fig. 13). The deeper veins 
were often congested. Some large arterioles 
were partly or completely obliterated by 
fibrosis. 

The medial meniscus was covered over 
the peripheral half of each surface by an 
ingrowth of synovial pannus (Fig. 14). The 
the 
showed a narrow zone of at least partly in- 
fibrin-like 
with some necrobiosis and disruption of the 


remaining portions of free surfaces 


terstitial, substance, associated 
cartilage matrix and with infiltration of scat- 
tered mononuclear cells and neutrophiles 
(Fig. 14). The lateral meniscus showed es- 


sentially similar changes. 


COMMENT 


The onset with monarticular arthritis and 
the gross findings at operation were some- 
what suggestive of tuberculous arthritis, but 
the clinical course over a period of 17 years, 
with two episodes of polyarthritis and sub- 
sequent consistent with 


remissions, was 


rheumatoid arthritis. Biopsy of the knee 
was performed when the lesion had already 
subsided slightly, as indicated by a reduction 
in articular swelling, but four days before 
operation the joint had still been warm, se- 
The micro- 
scopic findings included, in addition to the 


“classic” 


verely painful, and enlarged. 


features of rheumatoid synovitis, 
patchy deposits of fibrin-like material, which 
presumably corresponded to the “caseous 
The 
of cartilage by these changes in advance of 
the pannus is of particular interest. The 
slit-like spaces containing protein-rich fluid 


involvement 


deposits” noted grossly. 


were an unusual finding. They might pos- 
sibly have represented synovial crypts which 
had become isolated. Vascular changes con- 
sisted mostly of hypertrophic thickening and 
narrowing, which might have limited the 
blood supply to the superficial synovialis. 
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Case 7.*—Right popliteal cyst, seven months’ 
“duration,” and synovitis of the same knee, nine 
months’ “duration.” 


L. H., a 16-year-old girl, developed aching in 
both feet one year before entry. Six months before 
entry, she noted the onset of pain and swelling of 
the right knee and a soft swelling in the right 
popliteal fossa. Two months later, she began to have 
pains in both shoulders and stiffness, pain, and 
swelling of both wrists. She also noticed some loss 
of weight and increased fatigability. On admission, 
there was slight limitation of motion in both wrists 
and swelling of the right knee, with a cystic mass 
in the popliteal fossa. The hemoglobin was 12.7 
gm.; white blood cell count was 7,800, with a 
normal differential count. The sedimentation rate 
(Rourke-Ernstene 1") 0.80 mm. per minute. 
X-ray films of the knees appeared normal. The 


was 


hands showed soft tissue swelling of the metacarpo- 
phalangeal and proximal interphalangeal joints. In 
the hospital, the patient ran temperatures up to 
100.0 F., and the sedimentation rate remained 
elevated. Three weeks after entry, the right popliteal 
cyst was removed. The knee continued to be swollen 
and painful. Three months after entry, an anterior 
arthrotomy was performed. The sedimentation rate 
at that time was 0.75 mm. per minute. The pa- 
tient developed fusiform swelling of the fingers, 
limitation of motion in both wrists and Teft elbow, 
and a right olecranon bursitis. A histologically 
typical rheumatoid nodule was removed from the 
left great toe. When last seen, nine years after dis- 
charge, the patient appeared well but had some pain 
in the shoulders and knees. 


Bropsy FINDINGS 

Right Popliteal Cyst (#H-1044A).—At operation 
the cyst wall appeared to blend with the capsule 
of the knee joint. The sac contained a few milli- 
liters of clear fluid and masses of a gelatinous ma- 
terial. 

On microscopic examination the cyst wall 
was seen to be composed of dense fibrous 
tissue with a ragged, inflamed synovial lin- 
ing. This lining showed widespread, patchy, 
and occasional 
bits of fibrin-like material. In regions where 


caseous necrosis (Fig. 15) 


the synovial intima was preserved, the syno- 
viocytes were loosely knit, rounded, hyper- 
trophic, and intermingled with chronic in- 
flammatory cells. The subintima was heavily 


* The Robert Breck Brigham Hospital permitted 
inclusion of this case, and Dr. Philip LeCompte, 
pathologist at the Faulkner Hospital, allowed us 
to study the biopsy specimen from the popliteal 
cyst. 
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infiltrated by lymphocytes and polymorphic, 
histiocyte-like cells. 
pyknotic 


Some of these cells had 


nuclei and eosinophilic hyaline 
inclusions. Neutrophiles were rare, even ad- 


jacent Scattered 


throughout the cyst wall, there were some 


to regions of necrosis. 
perivascular and large nodular aggregates 
of lymphocytes, plasma cells, and histiocytes, 
extravasations of red blood cells, and small 
hemosiderin deposits. The minute blood ves- 


sels in some regions showed proliferative 


thickening of their walls and narrowing of 
the lumens, and adjacent to the necrotic lin- 


ing, many contained fibrin thrombi (Fig. 


Fig. 15 (Case 7; H-1044A).—Popliteal cyst wall 
with caseous necrosis of lining and thrombosis of 
adjacent blood vessels ; hematoxylin and eosin stain ; 
reduced 14 from mag. X 115. 


15). 


hyperemia. 


In other regions there was intense 


Right Knee (#H-1044B).—On anterior exposure, 
the joint showed 20 to 
fluid; soft, fibrin-like 


filmy synovial adhesions,” 


mucinous 
“s¢ ft a 
formation. 


30 cc. of clear 


friable, loose bodies : 
and pannus 
The synovial membrane appeared thickened, hyper- 


emic, and edematous. 


On microscopic examination, the loose 
bodies consisted of necrotic, fibrinopurulent 
exudate, blending with amorphous fibrin-like 
which 


material scattered viable 


fixed cells and was bordered in places by an 


contained 


intact layer of synoviocytes. The synovial 


Fig. 16 (Case 7; H-1044B).—Classic rheumatoid 
synovitis with villous hypertrophy and lymphocytic 
nodules. Note reaction center in nodule at right and 
thickening of biood vessels with round cell infiltra- 
tion. Hematoxylin and eosin stain; reduced % from 
mag. X 60. 


membrane was characterized by villous hy- 
pertrophy and lymphocytic nodules, which 
tended to be located within the villi (Fig. 
16). 


exudate were adherent to the surface. 


Occasional small patches of fibrinous 
The 
intima was hyperplastic, varying up to six 
apparent cell layers in thickness. Moreover, 
in some fissure-like synovial crypts there 
was palisading of the synoviocytes, occasional 
giant cell formation, and an amorphous 
blending of the superficial cell bodies sug- 
gestive of necrobiosis (Fig. 17). The subin- 
tima showed moderate, predominately peri- 
vascular infiltration of lymphocytes, plasma 


_ 


Fig. 17 (Case 7; H-1044B).—Superficial granu- 
lomatous reaction in fissure-like synovial crypt; 
hematoxylin and eosin stain; reduced \% from 
mag. x 390. 





cells, and many lymphocytic nodules, some 
of which had well-developed reaction centers. 
There were also scattered histiocytes and 
neutrophiles. Numerous Russell bodies were 
associated with some collections of plasma 
cells. The fixed cells were moderately hyper- 
trophied. The superficial blood vessels were 
hyperemic, and some were thickened by pro- 
liferation, fibrosis, and round cell infiltration 
(Fig. 16). There was some focal extravasa- 
tion of red blood cells and perivascular hemo- 
siderin deposition. There was also a con- 
siderable increase in granular, slightly eosino- 
philic interstitial substance, with separation 
of the tissue elements. It was not established 
whether this substance was edema or ground 
substance. In the deeper synovial areolar 
tissue this “edema” was even more striking, 
while cellular infiltration was _ relatively 
slight. 


CoMMENT 


This patient resembled Case 4, in that she 
developed an inflammatory popliteal cyst 
with the onset of joint involvement. In con- 
trast to Case 4, fibrin-like material within 
the cyst was scanty. Instead, the inflamma- 
tion was characterized by caseous necrosis, 
associated with thrombosis of adjacent blood 
vessels and The 


histiocytic infiltration. 


synovitis in the anterior portion of the joint 


was of the “classic” type, but in some crypts 
there was a laminar granulomatous reaction, 
somewhat suggestive of that in rheumatoid 
nodules (Fig. 17). 

Case 8.—Synovitis of left knee, 
three 


nine months’ 


“duration,” but subsiding for months and 
asymptomatic at time of biopsy. 

A. Q., a 13-year-old girl, first noted pain and 
swelling in her right ankle four and a half months 
before entry, but within two days it returned to 
normal. Four months before entry, she developed 
migratory pains in the neck, elbows, wrists, inter- 
phalangeal joints, knees, and ankles. No joint was 
symptomatic for longer than a week. There was 
also a recurrent, generalized, violaceous, macular 
rash and occasional afternoon chills. Menstruation 
ceased, and she lost 12 Ib. (5.4 kg.) during the next 
three months. On admission, the temperature was 
104 F. and 
generalized 


There was 
slight 
megaly. The heart was normal in size; there was a 
Grade I apical systolic murmur. The wrists, fingers, 
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pulse 130 per minute. 


lymphadenopathy and spleno- 
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and right ankle were painful on motion. There was 
moderate spindling of the fingers. Both knees 
showed synovial thickening and small effusions, 
but normal range of motion. The hemoglobin was 
10 gm.; white blood cell count was 6,000, with 88% 
neutrophiles and 10% lymphocytes. The sedimenta- 
tion rate (Rourke-Ernstene 1!) was 1.37 mm. per 
minute. X-ray films of the knees showed no bony 
changes. On aspiration of the left knee, 24 cc. 
of turbid yellow fluid was obtained (Table 1). 
During the first two months in the hospital, the 
patient had intermittent fever, but she gradually 
improved. A biopsy of the left knee was performed 
after admission, at which time the 
patient was essentially asymptomatic. However, the 
left knee still showed some soft tissue thickening 
and tenderness over the joint line. The sedimenta- 
rate 1.22 After the 
operation the patient went into complete remission, 


five months 


tion was mm. per minute. 


Fig. 18 (Case 8; H-1558).—Interstitial and 
superficial deposits of fibrin-like material. Note 
relatively scant number and atrophic appearance of 
cells within the fibrin-like matrix. Hematoxylin and 
eosin; reduced % from mag. x 115. 


but two years later there was a recurrence of sym- 
metrical polyarthritis, which left residual flexion 
deformities of both hips, with narrowing of the 
joint spaces as seen by x-rays. Four years later 
the patient was still in remission. The knees had full 
range of motion but showed slight soft-tissue swell- 
ing. 
310PsY FINDINGS 


Left Knee (#H-1558).—At operation, the capsular 
tissues were seen to be markedly thickened and the 
synovial membrane inflamed and friable. The joint 
fluid was moderately increased in amount. Some 
semiloose, soft, friable white fringes were present in 
the suprapatellar pouch. The margins of the patella 
were covered with pannus. 


Microscopic examination of synovialis 


from the suprapatellar pouch showed a dif- 
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fuse, chronic inflammation on which were 
superimposed patchy superficial and inter- 
stitial deposits of fibrin-like material (Fig. 
18). Some of these patches corresponded to 
the semiloose white fringes noted grossly. 
Within the fibrin-like were 
scattered, viable and necrotic macrophages, 


matrix there 
neutrophiles, and fragments of collagenous 
Some of the mononuclear cells con- 
tained droplets of birefringent lipid. There 


tissue. 


was also some overgrowth of the fibrin-like 
masses by synoviocytes and invasion by fibro- 
blasts, which were surrounded by reticulum 
fibers. 
rare. 


Capillary ingrowth, however, was 
Where the fibrin-like material per- 


TABLE 1.—Synovial Fluid Findings 


Dura- 
tion Amount 


mononuclear cells. There was little or no 
edema. 
CoMMENT 
This case was unusual in the severity of 
the initial constitutional but the 
subsequent recurrence of symmetrical poly- 


reaction, 


arthritis and development of permanent joint 
deformities confirmed the diagnosis of rheu- 
matoid arthritis. The fibrin-like deposits 
were the most striking feature of the artic- 


ular lesion. The abundance of these deposits 


and their limited penetration by connective 
tissue ingrowth, despite the clinical decline 
of the lesion during the preceding three 


months, suggest the possibility that the 





Per Cent 


of Effu- Aspi- 
sion, rated, 
Days MI 


Total 
RBC per 
Cu. Mm. 


Total 
WBC per — 
Cu. Mm. P 4 M 


Cell Types * 
Gross 
Appearance 


Mucin!? Miscellaneous 


Turbid yellow 


Slightly turbid 
yellow 


Clear, straw- 
colored 
SO Thin, cloudy, 

fiecks of fibrin 
No Joint Aspiration Performed 
(2?) 150 2 Amber 
(?) 200 30 Clear, mucinous 
(?) 120 25 Turbid yellow 


1,000 


9,300 


1,650 : RS 


14,550 90 


550 3 90 Good 


Fair 


Clotted rapidly 
Clotted rapidly 
Fair No clot; viscosity 
10.4 at 38.6 C. 
Sugar difference ¢ 
21 mg./100 ml. 


Poor 


Poor Viscosity 9.7 at 

38 C.; sugar dif- 
ference, 15 ing./ 
100 ml. 


* P, polymorphonuclear leucocytes; L, lymphocytes; M, mononuclear phagocytes. 


+ Sugar difference 


meated the synovialis, the intimal architec- 
ture and underlying collagenous fibers were 
obscured. 

In other regions the synovialis showed 
marked hypertrophy and hyperplasia of all 
types of fixed cells, with many mitoses. In the 
subintima there was also moderate diffuse 
and perivascular infiltration of lymphocytes ; 
a scattering of plasma cells, neutrophiles, 
and eosinophiles; considerable perivascular 
hemosiderin deposition, and fibrosis. In 
places the adipose tissue showed irregular 
reduction in the size of the vacuoles and scat- 
tered foam cells. The minute subintimal ves- 
sels were markedly involved by the general 
proliferative process, with increase in their 
number and narrowing or obliteration of the 


lumens. A few venules contained plugs of 


difference between the concentrations of glucose in the serum and in the synovial fluid. 


fibrin-like material is peculiarly resistant to 
both resolution and organization. The syno- 
vial fluid findings in the cases presented are 
shown in Table 1. The three effusions of un- 
der 10 days’ duration which were associated 
with the three earliest lesions were remark- 
able for a striking preponderance of mono- 
nuclear phagocytes and a relatively slight 
degradation of mucin, as compared with that 
in rheumatoid effusions of longer standing. It 
is not clear whether these features reflect the 
brief duration of the lesions or the relatively 
mild form of the disease. Among 16 other 
rheumatoid effusions of nine or less days’ 
duration studied, only 3 had less than 30% 
neutrophiles. Nine of these fluids were exam- 
ined for mucin: It was good in two, fair in 
three, poor in two, and very poor in two. 
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However, most of these fluids were from 
joints which either had been symptomatic 
for some time before the onset of effusions 
or had been involved in the recent past. 


The anatomic findings of the eight biop- 


sies of the anterior knee joint and the two 
popliteal cysts are summarized in Table 2. 
In view of the regional variations within the 
same joint and consequent magnitude of 
sampling error, the quantitative estimates 
of the microscopic changes must be regarded 
only as impressions. Comparison of the 
lesions is further complicated by the varia- 
tions in their severity and the fact that some 
were at the peak of their clinical activity 
while others had passed their peak by vary- 
ing periods of time. 


GENERAL COMMENT 
The principal criterion in selecting the 
the 
polyarthritis in 


cases for this study was presence of 
the 


absence of known specific etiologic factors. 


chronic symmetrical 
Thus, we obtained a series which falls within 
the present clinical concept of rheumatoid 
arthritis.*° At least an equal number of cases 
with probable rheumatoid arthritis were 
rejected because they did not meet our 
standard. 

Despite the attempt to limit our case ma- 
terial to a reasonably homogeneous group, 
the variability of the lesions made it difficult, 
if not impossible, to reconstruct their de- 
velopment. However, through the study of 
these early and relatively active joint lesions, 
the 
ligible as a manifestation of the same basic 


arthritic process becomes more intel- 


tissue reactions which characterize rheu- 
matoid disease throughout the body. These 
reactions, which vary to some extent in- 
dependently of each other, will be discussed 
under the following headings: (a) general- 
ized proliferative inflammation, (b) forma- 
tion of fibrin or fibrin-like deposits and 
necrobiosis, and (c) vascular lesions. 
Generalized Proliferative Synovitis—The 
proliferative inflammatory process was gen- 
the but 


tended to be particularly pronounced in por- 


eralized throughout synovialis 


tions adjacent to articular cartilage. Micro- 
scopically, it was present in every instance, 
but grossly the two lesions of less than 10 
days’ “duration” showed only slight hyper- 
emia. ““Edematous” thickening and hyper- 
trophy of villi were first obvious in the “10- 
to 42-day” 


synovial tissue growing out over and replac- 


lesion. Pannus formation with 
ing articular cartilage was well established 
in the lesions of five months’ “duration” or 
more. 

Intimal hyperplasia with occasional mi- 
toses and stratification or pseudostratifica- 
tion of synoviocytes was present even in the 
earliest lesions. In relatively protected por- 
tions of the joint lining, the more superficial 
cells often extended cytoplasmic processes 
toward the lumen and became arranged in 
palisade formation (Fig. 8). The deeper 
cells were generally surrounded by delicate 
argyrophilic reticulum fibers, as has also been 
demonstrated in the synovitis of dissemi- 
3 


nated lupus Occasional 


plump superficial cells with basophilic cyto- 


erythematosus.* 


plasm contained two or more nuclei. Gen- 
eralized subintimal fixed-cell proliferation 
was not prominent until the “10- to 42-day” 
lesion, coinciding with the appearance of 
villous hypertrophy. Maximal cellularity of 
the superficial synovialis was reached in the 
“four and a half month” lesion (Fig. 11). 
True edema was prominent only occasionally 
in localized regions. In some instances, how- 
ever, the areolar synovial tissue showed an 
increase in mucinous ground substance 
(Fig. 2), which may have contributed to 
the Wide- 


spread fibrosis was not prominent in these 


“edematous” gross appearance. 
early lesions. 

Inflammatory cell infiltration tended to 
be focal and juxtavascular. It was relatively 
mild in the earliest lesions and was least well 
developed where the tissue was dense and 
fibrous. Lymphocytes were generally the 
most numerous, but neutrophiles and mono- 
nuclear wandering cells were not uncommon 
and occasionally predominated in focal re- 
gions. The “classic” rheumatoid synovitis, 
with lymphocytic nodules and villous hyper- 
trophy (Fig. 16), was present only in three 
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lesions, all of which were of more than four 
months’ “duration.” 


The specificity of the generalized synovitis 


is still a matter of debate. Experimentally, 


a diffuse proliferative reaction, with villous 
hypertrophy and pannus formation, has been 
elicited by intra-articular injection of various 
nonspecific irritants, including India ink and 
blood.** Collins ** 


maintains that “very large lymphoid foci and 


homologous However, 
follicles seem to occur only in rheumatoid 
arthritis, or at least in joints where the 
chronic progression of the arthritis is clini- 
cally as well as pathologically indistinguish- 
from 


able Jennett 7 


takes exception to this view, and Sherman ** 


rheumatoid arthritis.” 


points to the occurrence of similar synovial 
changes, including lymphocytic nodules, in 
other chronic 
Such 


those caused by juxta-articular tumors or 


association with types of 


articular irritation. lesions include 
old fractures associated with severe degen- 
erative joint disease. Nevertheless, there is 
always the possibility that in such instances 
rheumatoid arthritis coexisted with the other 
articular lesion, which may have acted as a 
predisposing factor. Thus, the controversy 
remains unresolved. It is evident, however, 
that lymphocytic nodules are at best a quan- 
titative diagnostic criterion and that they 
are frequently absent, particularly in the 
early stages of the disease. 

Formation of Fibrin or Fibrin-Like De- 
posits and Necrobiosis—These changes ap- 
peared to be the result of an intense, local- 
ized form of tissue injury. Gross evidence 
of such changes was present in the form of 
pale yellow or white tags or deposits in five 
of the eight joints examined. Microscopi- 
cally, fibrin-like material was found in every 
instance. As in the case of the proliferative 
process, these features tended to be most 
pronounced at the perichondrial margins, 
and they were often superimposed on the 
hypertrophied synovialis and pannus (Fig. 
14). fibrin-like 
deposits occurred in the absence of fixed- 


However, necrobiosis and 


cell proliferation in the semilunar cartilages 
 _  _ LL 


+ Bennett, G. A., in 
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of Case 6 (Fig. 14). The high incidence of 
fibrin-like deposits and other localized 
changes in early or very active lesions was 
not stressed in the classic descriptions of 
rheumatoid arthritis based on long-standing 
lesions. Possibly this discrepancy reflects a 
difference in the intensity of the antecedent 
disease. Thus, it is of interest that the most 
pronounced deposition of fibrin-like material 
Case 8, had 


severest constitutional reaction. 


was present in which the 

The nature of the fibrin-like material, or 
“fibrinoid,” has long been the subject of 
the 


opinion that in acute serositis the inter- 


controversy. Virchow?t first voiced 
cellular components of the connective tissue 
beneath the surface exudate were altered to 
assume a fibrin-like appearance. Neumann ** 
in 1880 coined the expression “fibrinoid 
degeneration” for this hypothetical process. 
However, he failed to state clearly how he 
this 
inflammation and specifically included in his 


differentiated process from fibrinous 
concept such structures as diphtheritic mem- 
branes, the linings of arteriosclerotic an- 
eurysms, and tuberculous pleuritis, which 
are now generally considered to be largely 
fibrinous in origin. Since then, there have 
been repeated claims that “fibrinoid” could 
be distinguished from fibrin by various 
histologic or histochemical methods. How- 
ever, in view of the questionable specificity 
of most of these methods and the variability 
in both the structural and the tinctorial prop- 
precipitates, particularly 


when admixed with other blood or tissue 


erties of fibrin 
components, the evidence remains equivo- 
cal.'* One of us § has been unable to demon- 
strate a consistent difference between fibrin- 
ous thrombi or serosal exudates, on the one 
the 
nodules or articular lesions, on the other, by 


hand, and “fibrinoid” of rheumatoid 


any of the following histologic techniques: 
periodic acid-Schiff reaction; toluidine blue 
after basic lead acetate fixation (for meta- 
chromasia'*), photoelectric determination 
of dye-binding capacity and 


cc 


(orange G 


t Virchow, R., quoted by Neumann.17 
§ Unpublished observations. 
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methylene blue) at controlled hydrogen ion 


concentrations,*® fluorescent microscopy, 
Foot’s reticulum stain, and Mallory’s phos- 
photungstic acid hematoxylin stain. 
Additional circumstantial evidence favor- 
ing a fibrinous origin of “fibrinoid” is found 
in the the 
“seven-day” lesion, the “fibrinoid” formed 
central patches the 


in at least some of 


following observations: 1. In 


overlying 
granulomas (Fig. 2), 
which 


superficial 


from cer- 
tain inflamed vascular segments (Fig. 3). 


reticular fibrin emanated 
2. Among the early lesions, there were all 
transitional between characteristic 
fibrinopurulent surface exudates (Fig. 11) 
and 


forms 


dense amorphous fibrin-like masses, 


which stained completely or only partially, 


if at all, with Mallory’s phosphotungstic 
acid hematoxylin stain (Figs. 1, 13, and 
18). 3. The the 
“fibrinoid” appears to be either organiza- 


fate of at least some of 
tion and replacement by dense hyaline fibrous 
tissue, as in fibrinous serositis,?' or slough 
formation, as in the case of diphtheritic 
Why, circum- 
stances, fibrin fails to undergo resolution 
and 


membranes. under certain 


becomes condensed into amorphous 
masses and why some such masses tend to 
resist Orgauization are problems which merit 
further investigation. 


that “fibrinoid” in articular 
lesions has diagnostic specificity 


substantiated. 


The claim ‘ 
was not 
material 


has been observed not only in other so-called 


Identical-appearing 


connective tissue diseases, such as rheumatic 
fever and disseminated lupus erythematosus, 
but also in a variety of etiologically unre- 
lated forms of arthritis, including tubercu- 
lous arthritis, staphylococcal arthritis, Char- 
cot’s joints, pigmented villonodular synovitis, 
and osteochondromatosis. 

The relation between the formation of the 
fibrin-like material and the necrobiotic pro- 
cess is difficult to assess. In the two popliteal 
cysts, these reactions resembled those in 
rheumatoid nodules and showed a similar 
range of variation. Thus, in the 34%-month- 
old cyst, fragmentation of partially devital- 
ized connective tissue was closely associated 
with permeation of fibrin-like material (Fig. 


9), while the 7-month-old cyst showed a 
caseous type of necrosis and only occasional 
shreds of that like 
with phosphotungstic acid hematoxylin ( Fig. 


material stained fibrin 
15). In the joint lining proper, necrobiosis 
was less prominent and the fibrin-like ma- 
terial seemed more akin to that of fibrinous 
serositis. the sarliest 
lesions, both reticular fibrinous and amor- 


However, in two 
phous “fibrinoid’’ deposits were associated 
with focal granulomas, in which varying 
degrees of tissue disruption and cell damage 
were apparent (Fig. 5). In several lesions 
there were also regions where the super- 
ficial layer of palisaded synovial cells re- 
sembled the proliferative zone of rheumatoid 
nodules (Fig. 17), but no connection be- 
tween this reaction and the fibrin-like de- 
posits was evident. The occasional presence 
within the synovialis of typical rheumatoid 
nodules ** or similar laminar foci of necro- 
fissures 
has been reported by others.** Such foci of 


biosis which lead to formation of 


necrobiosis or granulomatous inflammation 
could easily escape detection at gross exam- 
ination and might conceivably result in suf- 
ficient irritation of the joint lining to set up 
either a fibrinous or a proliferative type of 
inflammation. There were also some indica- 
tions that the fibrin-like material may be of 
more than secondary significance in the local 
devitalization of tissue. Thus, the cells en- 
closed in the fibrin-like material were nearly 
always sparse and often atrophic as com- 
pared with adjacent cells (Fig. 18). More- 
over, the assumption that “fibrinoid” exerts 
a growth-inhibitory influence would serve to 
explain the resistance of the deposits to or- 
ganization and their tendency to slough into 
the joint lumen. It is of interest that devitali- 
zation and impregnation with fibrin-like ma- 
terial involved the superficial cartilage in 
advance of pannus formation (Fig. 14). 


Vascular Lesions——The resemblance of 


the vascular lesions of “articular rheuma- 
tism” to those of dermatomyositis, periar- 
teritis nodosa, syphilis, tuberculosis, malig- 
nant nephrosclerosis, etc., was recognized by 
and 
more recently Christie ** and Sokoloff and 
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Fahr ** in 1921. Subsequently, Klinge * 





associates ** emphasized the systemic in- 
rheumatoid 
arthritis. Nevertheless, relatively little at- 


tention has been paid to the vascular changes 


volvement of blood vessels in 


in the articular process itself. In well-estab- 
lished lesions the changes are usually non- 
specific in character, suggesting a secondary 
origin. However, a reconsideration of this 
problem appears indicated in view of the 
involvement of isolated minute vessels in 
early synovial lesions and the recently re- 
ported association of platelet and leucocytic 
thrombi with active rheumatic carditis.** 
The commonest findings related to blood 
vessels were focal juxtavascular round cell 
infiltration and hyperplastic thickening of 
(Fig. 16). Although 
changes occur in almost any chronic inflam- 


vessel walls such 
matory process, their pathogenesis and sig- 
nificance are not known. In some of the 
lesions, the capillary narrowing and con- 
comitant intense fixed-cell proliferation, with 
increased tissue metabolism, may well have 
resulted in a relative ischemia (Fig. 11). 
The purplish gross appearance of the syn- 
ovialis is presumably caused by the dilata- 
tion of the venous plexus. 

Focal extravasation of red blood cells or 
hemosiderin deposits were present in at least 
6 of the 
reflecting an increase in capillary “fragil- 


10 biopsy specimens, possibly 


ity.” ** In the tissue bordering on regions 
of necrobiosis, as in the walls of the popliteal 
cysts, capillary hemorrhage tended to be 
increased. Fibrin thrombi were also common 
in these regions (Fig. 15), but, as in the 
case of rheumatoid nodules,”* it was difficult 
to decide whether such changes were pri- 
mary or secondary. Regardless of the cause 
of thromboses, it is probable that the result- 
ing ischemia was a contributory factor in 
the necrotizing process. That vascular ob- 
struction is essential to necrobiosis may be 
questioned, since necrosis may occur in 
avascular cartilage (Fig. 14). 

Active inflammation of isolated superficial 
capillaries (Fig. 3) and venules (Fig. 4) 


was present only in the “seven-day” biopsy 


specimen, and its acceptance as representa- 
tive of rheumatoid arthritis must await con- 
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firmation. However, the absence of angiitis 
in other biopsy specimens does not exclude 
the possibility of its existence at an earlier 
stage in their development or elsewhere in 
the joint lining. The arteriolar thrombi in 
lesion may well have been 
Of the other 
lesions, only that of Case 3 was known to 


the “nine-day” 
the remnants of such a process. 


have been close to maximal clinical activity 
when examined. In this instance, the biopsy 
specimen consisted of fibrous parietal syno- 
vialis, which even in the “seven-day lesion,” 
failed to show a distinctive angiitis. 

Thus, the significance of the vascular in- 
volvement in the pathogenesis of rheumatoid 
arthritis remains a matter of speculation. 
Circulatory disorders secondary to the vas- 
further 
tissue damage, or the same causative agent 


cular involvement may result in 
may exert its injurious effect on both the 
vascular and the extravascular tissues. What- 
ever the mechanism, it would appear that 
primary changes in the circulatory system 
may well be important in determining the 
the articular 


localization and character of 


lesions in rheumatoid arthritis. 


SUM MARY 


The clinical and anatomic findings are 
described in eight cases of chronic sym- 
metrical polyarthritis which fulfilled accepted 
clinical criteria required for the diagnosis of 
rheumatoid arthritis and in which knee biop- 
sies were performed from seven days to nine 
months after the onset of symptoms or signs 
in the respective joints. 

Marked variations from case to case and 
regional variations within the same joint 
made comparison of the tissue changes diffi- 
cult. However, these relatively early and 
active articular lesions differed from the 
classic descriptions of the permanently de- 
arthritis in 
showing a closer resemblance to the type of 


forming stage of rheumatoid 


subcu- 
lesions 


tissue reaction characterizing the 
taneous nodules and other systemic 
of the disease. 

A diffuse proliferative synovitis was a 
In the 


two earliest and mildest lesions (seven and 


dominant feature in every instance. 
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nine days’ duration, respectively), this re- 
action was confined almost entirely to the 
intima. Typical lymphocytic nodules and 
villous hypertrophy were found only in three 
lesions, all of which were of more than four 
months’ duration. 

Evidence of more intense and localized 
injury was also a constant finding. Such 


injury was frequently superimposed on the 


diffuse proliferative process but varied in- 


dependently in its degree of development and 
at times involved the fibrous joint capsule 
or articular cartilage. The involved regions 
were characterized by one or more of the 
features, which 


following correspond to 


those of rheumatoid nodules: (a) superficial 


or interstitial formation of fibrin or fibrin- 
(c) minimal 
cell 


usually mononuclear in type; (d) intense 


like deposits ; (b) necrobiosis : 


to moderate inflammatory reaction, 


patchy edema and proliferation of large, 
primitive-appearing connective tissue cells, 
and (e) focal disruption of extracellular 
fibers and sequestration of thick, hyalinized 
collagenous bundles. 

Focal or segmental vascular changes, in- 
volving particularly venules and capillaries, 
were associated in most instances with both 
the diffuse synovitis and the regions of in- 
tensified tissue injury. These changes con- 
sisted of inflammatory cell infiltration, hy- 
pertrophic thickening, with narrowing of 
the lumens, perivascular hemorrhages, or 
and, occasionally, 


hemosiderin deposits, 


fibrin permeation or thrombosis. 
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ANNOUNCEMENT 


Program on Chemotherapy of Cancer.—Pathologists will be interested in the program 
for the wider exchange of information on chemotherapy of cancer which has been established by 
the Committee on Chemotherapy of the National Advisory Cancer Council in cooperation with 
the National Cancer Institute, the American Cancer Society, and the Damon Runyon Fund. 
All investigators interested in cancer chemotherapy are invited to take part in the program. 
Chairman of the Committee is Dr. Sidney Farber, director of the Children’s Cancer Research 
Center, Boston. 
\ variety of activities will be developed throughout the program. Among them are (1) 
issuance of a periodic compilation of informal reports on current research in cancer chemo- 
therapy; (2) formal conferences and symposiums on cancer chemotherapy; (3) compilation and 
issuance of a bibliography of cancer chemotherapy literature covering the period from 1946 
through 1954, and (4) provision of opportunities for individuals and small groups to meet infor- 
mally in various parts of the country for discussions of interinstitutional studies, standards for 
evaluating chemical agents, difficulties in this research area, potentially useful agents, and other 
topics the conferees consider pertinent. 

In addition, the committee plans to bring to the attention of investigators chemical agents that 
may be of interest to them and to assist them in obtaining the chemicals in sufficient quantity for 
evaluation. Investigators who wish to take part in any of the activities of the program are invited 
to write to Dr. Gordon Seger, Secretary, Cancer Chemotherapy Committee, National Cancer 
Institute, Bethesda 14, Md. 


Atlanta Graduate Medical Assembly—Southeastern Surgical Congress.—The Atlanta 
Graduate Medical Assembly and the Southeastern Surgical Congress will meet simultaneously 
in Atlanta, at the Biltmore Hotel, on Feb. 21-24. Among the pathologists on the program are 
Dr. William A. Meissner, of Boston, who will speak on “Diagnosis and Management of 
Thyroid Disease—A Pathologic Evaluation,” and Dr. George Milles, of Chicago, who will speak 
on “Adenomatous Polyps of the Colon.” 





PERICARDIAL AND MYOCARDIAL VASCULARIZATION 


FOLLOWING CARDIOPERICARDIOPEXY 


Magnesium Silicate Technique 


AARON PLACHTA, M.D.; SAMUEL A. THOMPSON, 
M.D., and FRANCIS D. SPEER, M.D., New York 


N THE study of 10 autopsied patients 

following cardiopexy, the thoracic vis- 
cera, chiefly the hearts, were subjected to 
a technique for the visualization of newly 
formed and dilated preexisting pericardial, 
extracardiac, collateral 
anastomoses. The communicating extracar- 


and intercoronary 


diac and intercoronary vascular channels 
were traced visually by the continuity of the 
histochemically stained endothelium. These 
blood vessels anastomosed with the travers- 
ing rami in the vascularized, granulomatous, 
adhesive pericarditis, serving as a bridge 
between the extracardiac and the intracardiac 
blood flow. The findings were further con- 
firmed by serial sections of the injected 
hearts which were studied histologically, in- 
cluding the vessels of the granulomatous 
pericarditis, adjacent mediastinum, lungs, 
addition, roentgeno- 


graphic radiopaque observations on the hearts 


and diaphragm. In 
were carried out in the conventional three- 
the 
sional view. These studies suggest that the 


dimensional and unrolled two-dimen- 


blood flow in these newly formed pericardial 
and dilated preexisting myocardial vessels 
may have been sufficient to sustain the func- 
tioning myocardium. 

The present chain of events and the studies 
of many investigators of the surgical treat- 

Dr. F. J. Borrelli and members of the Department 
of Radiology, and Dr. I. S. Kleiner and members 
of the Department of Biochemistry gave technical 
assistance. 

From the Department of Pathology and Clinical 
Pathology (Dr. Plachta and Dr. Speer), and the 
Thoracic Surgical Service (Dr. Thompson), New 
York Medical College, Flower and Fifth Avenue 
Hospitals. 


ment of coronary heart disease were initi- 


ated by Heberden ** through his description 


of the syndrome of angina pectoris. This 
clinical expression,‘ and the pathologic end- 
result of myocardial fibrosis and compensa- 
tory response of intercoronary anastomoses, 
have since become a matter of established 
fact. Surgical treatment for the anginal syn- 
drome was proposed by Frangois-Franck,* 
and the actual performance of sympathec- 
tomy was undertaken by Jonnesco ** in a case 
of angina pectoris. 

This set in motion investigations by 
Beck,* O’Shaughnessy,*® and other modern 
surgeons,t who pointed toward the develop- 
ment of a practical surgical technique which 
would reduce the myocardial ischemia by 
enhanced collateral circulation. 

Thompson’s t contribution through his 
animal experimentation with intrapericardial 
application of U. S. P. tale powder (hydrous 
magnesium silicate) yielded gratifying re- 
the 


human § with similar results, producing ex- 


sults. This procedure was applied to 


tracardiac and intracardiac coronary arterial 
anastomoses which seemed to establish ade- 
quate collateral circulation with dependable 
regularity. 

CLINICAL DATA 


For 14 years one of us (S. A. T.) has 
performed the operation upon a group of 
patients who were more or less completely 
incapacitated because of severe coronary 
heart disease. The rationale of the operation 
was to convert the ischemic myocardium into 
a relatively hyperemic myocardium. This was 


accomplished by distributing magnesium sili- 


* References 2 and 3. 
+ References 11, 26, and 34. 
t References 27 through 29. 


§ References 30 through 32. 





cate powder over the surfaces of the epicar- 
dium. The powder is extremely irritating 
and produces a foreign body reaction involv- 
ing the surface of the pericardium, terminat- 
ing in a vascularized, chronic, adhesive 
granulomatous pericarditis. 

The operation is simple and requires no 
more than one-half hour for its completion. 
[t consists in removing a portion of the fifth 
cartilage on the left side, where it is un- 
necessary to enter the pleura. The pericardial 


sac is opened for a length of approximately 


Fig. 1. 
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Fifty-seven patients were operated upon 
from November, 1938, to July, 1951; a study 
was made of the cases to determine the de- 
gree of relief and improvement which had 
occurred and also to determine the length 
of life following the operation. 

Seven of the patients died within three 
weeks after surgery. Of the 50 remaining 
10%, 


were 


patients, 5, or 
50% 


were improved less 


than and considered as having 


poor results; 25 patients were improved 


Stripped pericardium: (A) parietal; (B) visceral, showing diffuse, sticky, fibrinous, 


adhesive pericarditis (“bread-and-butter” type); (C) pleural and adjacent visceral hyperemia. 


Fig. 2.—Polaroid study of Figure 1: 


(A) Edematous, hyperemic talc-induced pericarditis ; 


(D) richly vascularized; (8B) adherent, fibrinous, sticky, fused pericardium, showing lympho- 


cytic, monocytic, eosinophilic, 


1 to 2 in. (2.5 to 5 cm.). The surfaces of 


the heart are inspected and palpated for 
The 


evidence of infarctions and adhesions. 


pericardial fluid is aspirated as completely 


as possible, and from 4 to © gm. of dry, 
sterile magnesium silicate powder is widely 
distributed over the surfaces of the epicar- 
dium. The pericardial sac is loosely closed 
and the chest wall incision closed in ana- 
tomical layers without drainage. 
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and plasma cell activity and giant cell formation; (C) preserved 
myocardial integrity, and (£) distributed tale granules ; 


reduced % from mag. x 70. 


more than 50%, and 20 patients were im- 
proved more than 75%. 

Thirty-three of the patients are still living, 
and the 17 who have died lived an average 
of five years after cardiopexy. 


MATERIAL 


The study which forms the basis of this report 
was initiated at the New York Medical College, 
Flower and Fifth Avenue Hospitals. There were 
two objectives: (1) to find a practical surgical 
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technique which would reduce myocardial ischemia 
by increased collateral pericardial circulation, and 
(2) to determine the source and the functional sig- 
nificance of such collateral circulation. 

The preliminary experiments carried out on dogs 
and the subsequent reports on the functional signif- 
icance of the established collateral circulation are 
a matter of The report 
of human material collected over a period of 14 
years. In the 1939-1951 period 17 patients on whom 
cardiopexy was performed have died. Ten patients 


record. present consists 


of this group, consisting of both men and women, 
between 40 and 64 years of age, have been necrop- 


an acute aseptic || inflammatory reaction, involving 
principally the pericardial membranes, demonstrated 
by severe hyperemia extending into the adjacent 
myocardium and extracardially to the neighboring 
organs—mediastinum, lungs, and diaphragm, asso- 
ciated with mediastinal, bronchial, and peribronchial 
lymphadenitis. 

Case C102-39.—J. D., age 59. Necropsy, three 
days following cardiopexy, revealed an acute, dif- 
fuse, aseptic || fibrinous pericarditis, involving the 
pericardial membranes, with absence of free fluid. 
The sticky fibrin film was arranged in irregular 
bands, simulating the “bread-and-butter” peri- 





Fig. 3—(A) Fibrous, adhesive granulomatous pericarditis, terminating (C) in the fused, 
eliminated visceral pericardium; (B) prominent vascular channels, round cell activity, phago- 
cytosis, and giant cells; (D) hyperemic subepicardial adipose tissue, and (E) myocardium; 
reduced % from mag. X 80. 


Fig. 4—Polaroid study of Figure 3 showing (F) uniformly distributed talc crystals; reduced 


% from mag. X 80. 


The survival of these patients following 
cardiopexy was from 1 day to 10 years. 

We shall confine our report of the autopsied cases 
chiefly to the heart and thoracic viscera, with 
special reference to the chronic pericarditis and 


the newly formed pericardial and preexisting vas- 


sied. 


cular supply to the myocardium. 

Case C101-40.—W. S., age 48. Necropsy, one 
day following cardiopexy, revealed severe, acute, 
diffuse This 


grossly and microscopically, was characterized by 


serofibrinous pericarditis. lesion, 


The adjacent organs and tissues were 


severely hyperemic. The engorged, dilated vascular 


cardium. 


channels were grossly demonstrable in the pleurae, 
mediastinum, and surrounding tissues. In the heart 
the hyperemia extended into the endocardium. The 
fibrinous web in the pericarditis enclosed lympho- 
nemmalanianiieds 

|| Aerobic and anaerobic cultures of pericardial 
membranes, adjacent organs, and blood from the 
left ventricle in the group under investigation were 
negative for growth after 144 hours’ incubation. 
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cytes, monocytes, and many eosinophilic leucocytes. 
Early phagocytic activity, attempts toward giant 
cell formation, and plasma cell reaction were evi- 
dent. 

Case C103-51.—H. B., age 60. Necropsy, nine 
days following cardiopexy, revealed a strikingly 
uniform Vascular 
congestion was a common finding in the pericardium 
involving the 
and pleura and extending into pulmonary paren- 
chyma. Pericardial diffuse round cell infiltration, 
eosinophilic leucocytes, plasma cells, and multinu- 


fibrous, adhesive pericarditis. 


and adjacent organs, mediastinum 


cleated foreign-body giant cells were dominant 
(Figs. 1 and 2). 

Case C104-51.—R. W., age 45. Necropsy, 18 days 
following cardiopexy, revealed diffuse, uniform, 


Fig. 5—(C) Freely retractable, highly vascu- 
larized, adhesive granulomatous pericarditis, sub- 
jected to a technique for the visualization of newly 
formed and preexisting collateral anastomoses ; (A) 
mediastinal, (B) diaphragmatic, and (D) pulmonary 
sources of collateral anastomoses. 


fibrous, adhesive granulomatous pericarditis. This 
loosely arranged, freely movable fibrous connective 
tissue hugged the myocardium. The vascular chan- 
nels were prominent, numerous, and compactly 
arranged. Engorgement was conspicuous. Fibro- 
blastic proliferation eliminated the demarcations of 
the parietal and visceral pericardium. Lymphocytic 
and monocytic infiltration was common. Eosino- 
philic leucocytes, plasma cells, and multinucleated 


syncytial masses of cytoplasm with indefinite cell 
membranes were noted findings. Many of the giant 


cells simulated the Langhans’ type, with ovoid 


nuclei radially arranged, several layers deep, at the 
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periphery of the cell, in horseshoe fashion; cyto- 
plasm contained phagocytosed material. Polaroid 
study revealed densely arranged talc crystals uni- 
formly distributed throughout the proliferative 
fibrous tissues. Abundant pericardial newly formed 
vascular channels and dilated old vessels were a 
common encounter. Sections involving the adjacent 
mediastinum and pleurae revealed vascular collateral 
anastomoses extending to the adhesive granulom- 
atous pericarditis, traversing the latter and termin- 
ating in intercoronary anastomoses. 

Case C105-40.—J. B., age 64. Autopsy, 21 days 
following cardiopexy, showed a diffuse, chronic, 
well-vascularized, adhesive granulomatous _peri- 
carditis. Patent congested lumina of newly formed 
and dilated preexisting blood vessels in the bridged 
pericardium freely anastomosed with the inter- 
coronary system. The loosely adherent fibrous con- 
nective tissue was freely movable between the layers 
of the fused pericardium. Persistent leucocytic and 
histiocytic activity was conspicuous. Polaroid study 
revealed talc crystals uniformly distributed in the 
adhesive granulomatous reaction. 

Case C106-42.—J. H., age 63. Autopsy, 24 days 
following cardiopexy, gave findings similar to those 
noted in the preceding case. 

Case C107-51.—C. O., age 53. Necropsy, 92 days 
following cardiopexy, diffuse, chronic, 
fibrous, adhesive granulomatous pericarditis. Promi- 
nent vascularization of the pericardium was evident. 
The internal diameter of of these vessels 
measured up to 0.10 cm. The granulomatous peri- 
carditis contained vascular channels extending into 
the myocardium, anastomosing with branches of 
coronary arteries. The mediastinum, lungs, and 
diaphragm adhered to the granulomatous parietal 
pericarditis. These extrapericardial structures com- 
municated with the through the 
vascularized, Pericardial 
eosinophilic, lymphocytic, and monocytic infiltration, 
associated with uniform distribution of talc crystals 
was an added constant finding (Figs. 3 and 4). 

Case C108-43.—S. N. E., aged 62. Necropsy, 
three and one-half years following cardiopexy, 
showed a diffuse, fibrous, adhesive granulomatous 
pericarditis. Prominent vascularization of the granu- 
lomatous pericardium, serving as a bridge for the 
collateral anastomoses between the extracardiac and 
the intracardiac blood flow, was striking. Medi- 
astinal, pulmonary, and diaphragmatic adhesions 
were traversed by the pericardial collateral anasto- 
moses, as traced by histochemically stained endo- 
thelium. Roentgenographic radiopaque study of peri- 
cardial injected vessels showed communication with 
intercoronary anastomoses in the myocardium. 
Large old, healed myocardial infarcts were vas- 
cularized. A movable, chronic granulomatous peri- 
carditis was attached to the heart by delicate 
fibrous connective tissue, terminating at the fused 


showed 


some 


myocardium 


adherent pericardium. 











pericardium. Polaroid study showed the talc crys- 
tals to be uniformly distributed in the richly vas- 
cularized granulomatous pericardium (Figs. 5 
through 11). 

Case C109-51.—C. H., age 40. Necropsy, seven 
and one-half years following cardiopexy, gave find- 
ings similar to those observed in the previously 
described cases, namely, persistent, uniform, diffuse, 
fibrous, adhesive, chronic granulomatous _peri- 
carditis, with abundant vascularization freely anas- 
tomosing with extracardiac vascular channels of the 
mediastinum, lungs, and diaphragm and with the 
extending to the 


intracardiac coronary 


12). 
B. O'H., aged 55. 
showed a 


system, 
(Fig. 

Case C110-51.- 
years 


endocardium 
Necropsy, 10 
diffuse, 
chronic, fibrous, adhesive granulomatous pericar- 


following cardiopexy, 
ditis. The mediastinum, lungs, and diaphragm were 
adherent to the anterior pericardium. The loosely 
adherent, freely retractable pericardium contained 
multiple congested and dilated vascular channels. 
These vessels intercommunicated with the coronary 
system, indicating abundant intracardiac anastomo- 
the 
extended 


Extracardiac collateral vessels leaving 


ses. 


mediastinum, lungs, and diaphragm 
through the newly formed and preexisting dilated 
channels in the granulomatous pericarditis and com- 
municated with the coronary system. Highly vas- 
cularized, old, healed myocardial infarctions were 
conspicuous. Persistent leucocytic activity and uni- 
formity of distribution of talc crystals were added 
features observed by Polaroid study (Figs. 13 
through 15). 

The cause of death of patients immediately fol- 
lowing cardiopexy was found to be fresh or recent 
myocardial infarctions. In patients who survived 3 
months, 3 years, 7 years, and 10 years after cardio- 
pexy, the causes of death, respectively, were found 
to be perforation of aneurysm of the abdominal 
aorta, bilateral pneumonitis and sepsis, malignant 
renal insufficiency, and acute 


hypertension with 


myocardial insufficiency, with sudden death. 


rECH NIQUE 


We employed a technique 7! rendering the walls 
of the coronary artery system and the vessels of 
the pericardium, and 
relatively impermeable by means of trinitrophenol- 


mediastinum, diaphragm 
formalin-acetic acid endothelial fixation, preceded 
by washing with citrated and isotonic saline solu- 
tions. A rapid-staining method (trichrome stain: 
phenol, acid fuchsin, and ferric chloride) was used 
for the identification of endothelial continuity. The 
stain was combined with a suspension of potassium 
iodide in a powdered gelatin and agar. This radi- 
opaque mixture was further combined with orange 
G or fast green FCF, scarlet R, and methylene 
blue, depending on the type of investigation (i. e., 
extracardiac or right or left coronary) of vascular 









Fig. 6.—Unroiled view of radiopaque vascular 
outline of the pericardial perfused vessels in Figure 
5, showing interanastomosis of (C) pericardial, (A) 
left coronary artery, circumflex, and anterior de- 
scending branches, and (8) right coronary artery 
and posterior descending branch. 


This visual con- 
tinuity of endothelium was carried out in combina- 
fast green FCF 
extracardiac and pericardial collateral vasculariza- 


continuity under consideration. 


tion with orange G or when 


tion was being traced, and scarlet R and methylene 
blue were used, respectively, when the left and the 
right coronary artery anastomosis 


system was 


traced. The combined color scheme to aid visual 
dissection was carried out to ascertain the course, 
termination, and luminal diameter ratio of the extra- 
cardiac, pericardial, and intercoronary anastomoses. 
The method was a one-step procedure, permitting 
both roentgenographic cardiac vascular study in the 
the 


two-dimensional view and visual dissection for the 


conventional three-dimensional and unrolled 


observation of endothelial continuity. Radiopaque 
studies] were carried out to satisfy the criteria 
imposed by other observers for conclusive evidence 


of vascular intercommunication. 


Specific studies, as referred to above, were carried 
out on four patients, who survived over 3 months, 
and 10 The 
referred to correspond to Necropsies C107-51, C108- 
43, C109-51, and C110-51. Two of the hearts re- 
ferred to (C109-51 and C110-51), with combined 
extracardiac vascular study, were subjected to the 


3 years, 7 years, years. four hearts 


above method in its entirety, and two hearts (C107- 
51 and C108-43) were subjected only to pericardial 
and coronary vascular perfusion, to ascertain the 
intercommunication with the intercoronary system. 
In all instances the right and left coronary arteries 
were perfused by the respective radiopaque color 
schemes. When the right coronary artery was in- 
jected with the basic methylene blue dye, the ma- 


terial was recovered in the left coronary sinus 


——— 

§ We believe that the roentgenogram silhouettes 
showing the radiopaque vascular outlines are de- 
ceptive in giving the appearance of coronary inter- 
communications. In reality the overlapping vessels 
bear no relation to true interanastomoses. Roent- 
genograms should be used as a guide to facilitate 
the evaluation, not as a diagnostic means. 





A similar result was 
obtained when the left coronary artery was per- 
fused with scarlet R. Likewise, when a pericardial 
vessel was perfused with orange G or fast green 


and revealed in its tributaries. 


FCF, intercoronary vascular channels, as well as 
the coronary sinus, contained the corresponding dye, 
indicating pericardial, extracardiac, and intracardiac 
anastomosis. Serial sections of the injected hearts, 
between 250 to 500 #, were made and studied histo- 
logically to reveal the vessels of the granulomatous 
pericarditis, adjacent mediastinum, lungs, and dia- 
phragm. The microscope screw-micrometer eye- 
piece (Spencer) was used for the vascular micron- 


. 


. 


4, = 22a 
Co A ge 
— P = J —_ 

— . rer et 


- 


Legend on facing page 


diameter evaluation. By this calculation the inner 
diameter of some of the blood vessels in the revas- 
cularized granulomatous pericarditis measured up 
to 650 uw. 

The disclosed the extent of 
communication the extracardiac and the 
intracardiac anastomoses, through the traversing 
rami housed in pericarditis. 
Microscopic study of serial sections confirmed the 
existence of these undisturbed 
continuity of stained endothelium. 


dissection further 


between 
the granulomatous 


anastomoses by 


RESUME AND EVALUATION OF FINDINGS 


The gross and microscopic findings in 
these hearts revealed a uniform, acute, asep- 
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tic inflammatory lesion of the parietal and 
visceral pericardium. Degeneration and dis- 
appearance of the mesothelium lining the 
surfaces of the pericardial membranes and 
subsequent fusion of the latter by prolifera- 
tive fibroblastic activity were noted. The in- 
flammatory pericardium was characterized 
by severe hyperemia extending through the 
myocardium to the endocardium and extra- 
cardially to the adjacent organs. Diffuse in- 
filtration of lymphocytes and monocytes was 
strikingly confined to the fused pericardial 
membranes. The maximum inflammatory 
activity was reached on the third day after 
the introduction of hydrous magnesium sili- 
cate. After the peak of inflammatory activity 
a notable transition took place, characterized 
by the appearance of eosinophilic leucocytes 
and plasma cells and the deposition of a 
sticky fibrin. Early phagocytic activity and 
a dry plastic pericarditis were outstanding and 
dominant features. Gradual development of 
multinucleated foreign body giant cells in a 
loose connective tissue stroma was apparent. 
Free communications between extracardiac 
collateral channels and intracardiac channels 
through the newly formed and preexisting 
dilated vessels in the bridged granulomatous 
pericarditis were present in abundant quan- 
tities 18 days after surgery. This supported 
the contention of other investigators # that 
free cardiac-extracardiac communications in 
the adhesive pericarditis were present 14 
days after surgery. The loosely adherent, 
vascularized granulomatous pericarditis per- 
mitted free cardiac mobility. The vessels in 
the granulomatous pericarditis interbridging 
the extracardiac and intracardiac circulations 
measured up to 650 » in diameter. The strik- 
ing features of the lesion when fully devel- 
oped were its persistence, uniformity, and 
stability, which did not deviate with a lapse 
of many years following surgery. 

The important physiological significance 
was revealed by the extensive anastomoses 
between the cardiac vessels and the vessels 
of the neighboring organs and other struc- 
tures through the granulomatous pericarditis. 


# References 7, 17, and 19. 





Figs. 7, 9, and 11—Left ventricle, right ventricle, and apex, respectively: (A) granulomatous; 
(B) highly vascularized, adhesive pericarditis, showing active leucocytosis, plasma cells, and 
giant cells; (C) fused, eliminated visceral pericardium; (C’) delicate fibrous junctional layer 
acting as a buffer in preserving the integrity of (D) subepicardium and (£) myocardium; x 70. 


Figs. 8 and 10.—Polaroid study of Figures 7 and 9, showing (F) uniformity and persistence 
of talc crystals; x 70. 





(he extracardiac vascular collateral circu- 
lation formed in several regions and was 
constant. Among the common sources of the 
vascular plexuses were the mediastinum, the 
pleurae, the roots of the lungs, the diaphragm, 
and ramifications of the coronary arteries 
and cardiac veins. This common cardioperi- 
vascularization 


cardial was found greatly 


augmented in the tale-induced adhesive peri- 


Fig. 12.—Extracardiac source: 
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minimarum, communicated with the azygos 


system and the internal veins 


through their radicles adjacent to the peri- 
found the terminations 
of the superior and inferior venae cavae, and 


mammary 


cardium, ostia at 
anastomosed openly with the pulmonary ve- 
nous system at the cardiac impressions. Ob- 
served sources of arterial blood, beside the 
coronary arteries, were the vasa vasorum of 


pulmonary, mediastinal, pericardial, and intercoronary col- 


lateral anastomoses: (4) oxygenated blood from lungs passing through (F’) vessels in pleura 
by way of (B) granulomatous, highly vascularized pericarditis; (F) large vessels leaving highly 
vascularized granulomatous pericarditis, traversing preserved (D) subepicardium, anastomosing 


in preserved (E) myocardium; x 10. 


Fig. 13.—(A) Diaphragmatic extracardiac source of collateral circulation through the (C) 
highly vascularized, (B) granulomatous pericarditis, showing (F) fibrous connective tissue 
junctional layer serving as a buffer, preserving the integrity of (D) subepicardium and myo- 


cardium; x 10. 
carditis. The 


network was noted in the fused granuloma- 


most extensive anastomotic 
tous pericardium, subepicardium, myocar- 


dium, and endocardium. The venous plexus 


was directed into the heart chambers through 


the coronary sinus and foramina venarum 
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the pulmonary arteries and of the root of the 
aorta ; ramifications of the pulmonary arter- 
ies in the parenchyma of the lungs near the 
cardiac impressions; the intercostal arteries 
near their origin ; the bronchial arteries ; peri- 
cardiac and esophageal branches of the tho- 





racic aorta ; the superior phrenic arteries ; the 
pericardiophrenic arteries, and the anterior 
mediastinal, thymic, pericardiac, and sternal 
branches of the internal mammary arteries. 


COMMENT AND SUMMARY 


Merkel !° supported Thorel’s ** 
that in the 


suggestion 
both 
coronary arteries the heart might be sup- 


event of obliteration of 
plied with blood through the vessels in 
formed pericardial adhesions. O’Shaughnessy 
and associates *® observed that when peri- 


cardial adhesions were produced between 
the heart and the mediastinum, vascular con- 
nections occurred. The intercommunications 
appeared two weeks after the operations. 
Moritz and associates '* demonstrated peri- 


cardial vascularization in rheumatic adhe- 
sive pericarditis. 

Our own investigations disclosed the na- 
ture, development, and behavior of the talc- 
produced granulomatous pericarditis and its 
vascularization following cardiopexy. The 
supposition that the granulomatous pericar- 
ditis becomes a static, avascular, healed scar 
is without basis. We believe that the U. S. P. 
tale powder (hydrous magnesium silicate ) 
serves as a trigger device, irritating the peri- 
cardial membranes and initiating vasodila- 
tation, which terminates in pericardial ad- 
This 


function by the ever-present tale crystals is 


hesions and collateral vascularization. 
evidently a ceaseless activity. The lesion is 
constantly characterized by hyperemia and, 
presumably, by accelerated flow of blood 
through newly formed and preexisting di- 
lated vascular channels in the chronic, adhe- 
sive granulomatous pericarditis, which we 
know persists for at least 10 years after 
operation. We believe such a lesion will 
actively persist as long as the patient lives. 

The clinical features of constrictive peri- 
carditis, such as prominent neck veins, hepa- 
tomegaly and ascites, hypotension and an 
increase in venous pressure, and fluoroscop- 
ically fixed heart were not seen in any of 
our cases. On the contrary, the heart in all 
our cases retained its integrity both ana- 
tomically and physiologically. 


Fig. 14—(A) Pulmonary, (£) bridging medi- 
astinal, extracardiac collateral circulation anasto- 
mosing through (B) adhesive granulomatous, (F) 
highly vascularized bridged pericarditis; (C) junc- 
tional connective tissue fibrous layer, and preserved 
myocardium; x 10. 


Black recently reported * that the epicar- 


dium formed a barrier to the ingrowth of 
blood the 
past failures in extracardiac revascularization 


vessels and was reason for the 


of the myocardium. To overcome this barrier, 
he and his associates practiced deepicardiali- 
LL 


* Black, H.., 


in discussion on Bailey,’ p. 171. 


Fig. 15.—Polaroid study of (A) granulomatous 
pericarditis, containing uniformly distributed (F) 
talc crystals, in a case 10 years after cardiopexy; 
reduced 2/5 from mag. x 10. 





zation by the local application of 92% phenol. 
It seems questionable whether such a pro- 
cedure is necessary—and whether it may 
not ultimately result in a constricting fibrosis. 
gradually but 
completely eliminates the barrier, as evi- 


Talc-induced pericarditis 


denced by the absence of mesothelium and 
of the supportive thin layer of connective 
and elastic tissue fibers of both parietal and 
visceral pericardial membranes. The initiated 
fibroblastic proliferation, with subsequent 
fusion of these membranes, results in a 
progressive, chronic, adhesive, vascularized, 
granulomatous pericarditis. 

The usefulness of the rami telae adiposea 
in providing anastomoses between the coro- 
nary arteries and the vessels of the surround- 
ing structures cannot be overestimated. The 
greatest importance may be attached to the 
increase in their numbers, far offsetting the 
so-called “critical micron diameter” advo- 
cated by Schlesinger.** He and his associ- 
ates *° documented the so-called critical 40 » 
pathway functionally necessary to prevent the 
myocardial effects of the occlusion of a large 
coronary artery. This conclusion was derived 


from studies on collateral coronary circula- 
tion utilizing a modified method of Gross, 
in which radiopaque lead acetate-agar sus- 
pension was used for roentgenographic evalu- 
ation. 


Prinzmetal and _  associates,t utilizing 
Dock’s * perfusion method, provided evidence 
that a 10 » diameter vessel will accommo- 
date passage of a radiopaque mixture having 
physical properties similar to blood. Such 
vessels, if sufficient in number, may sustain 
myocardial function. This evidence was fur- 
ther supported by Goldman and associates.° 

The hearts in our series, studied by means 
of histochemical endothelial staining, visual 
dissection, and roentgenographic and mi- 
croscopic evaluation, showed the course and 
origin of the collateral vessels to correspond 
to those reported by previous investigators. 
In accord with observations by Gross,’® 


Hudson,"* and Lezius,'® we found the coro- 


+ References 5 and 15. 
t References 22 and 23. 
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nary system anastomosing through the vas- 
cularized granulomatous pericarditis with 
vessels in the mediastinum, parietal peri- 
cardium, diaphragm, and hiluses of the lung, 
vasa vasorum of the ascending aorta, and 
pericardial branches of the internal mammary 
arteries. 

The extracardiac anastomoses, we believe, 
significant reserve for 
cardiac circulation, augmented by the pres- 


constitute a most 
ence of vascularized pericardial adhesions. 
The clinical evidence referable to tale peri- 
carditis and previously reported lends rea- 
sonable support to the adequacy of this 
newly formed and stimulated preexisting 
pericardial collateral circulation. 
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POLYCYSTIC LIVER 


Analysis of Seventy Cases 


P. J. MELNICK, M.D., Eloise, Mich. 


OLYCYSTIC liver is comparatively 
In 1906 Moschcowitz * collected 85 


cases from the literature, added 6 cases, and 


rare. 


outlined the three main theories of origin of 
this disease. Cruveilhier and Virchow had 
believed that polycystic liver resulted from 
cystic dilatation of bile ducts following in- 
flammatory strictures. Later von Hippel 
thought it was neoplastic. Toward the end 
of the 19th century jorrmann, and 


others believed the condition to be a form of 


3orst, 


embryonal maldevelopment. Moschcowitz 
believed that this maldevelopment consisted 
of the presence of aberrant bile ducts which 
underwent cystic dilatation. 

Lewis ? in 1912 described the embryologic 
basis for an understanding of these aberrant 
bile ducts. The distal portion of the liver 
anlage forms the hepatic parenchyma, and 


the proximal portion forms the duct system, 


which then grows into the rapidly enlarging 
distal hepatic portion. The terminal branches 
of the duct system reach to the liver lobules 
and form the interlobular bile ducts in the 
portal septa. 


bile 
ducts begin to appear in the liver paren- 
chyma, the so-called intralobular or intra- 


In the meantime, small 


hepatic bile ducts, which connect the bile can- 
aliculi to the interlobular bile ducts in the 
portal septa. They can be seen in 10 mm. 


Read before the Section on Pathology and 
Physiology at the 103d Annual Meeting of the 
American Medical San 
June 23, 1954. 

From the Department of Pathology, University 
of Southern California School of Medicine, and the 
Laboratory of the Los Angeles County General 
Hospital. Present address: Wayne County General 
Hospital, Eloise, Mich., and Wayne University Col- 
lege of Medicine, Detroit. 
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embryos and are abundant in embryos more 
than 25 mm. in length. In neonatal life they 
are represented by the canals of Hering. 
Lewis concluded that these intrahepatic bile 
ducts differentiate from the liver cell cords. 

Meyenburg * in 1918 described the occur- 
rence in polycystic liver of groups or clusters 
of small bile ducts in the liver lobules sep- 
arate from the portal areas; these have since 
been known as Meyenburg’s complexes. He 
interpreted these as persisting intrahepatic 
bile ducts. Many more intrahepatic bile ducts 
are formed in the embryo than are necessary, 
and normally there is involution of the excess 
ducts. Meyenburg’s complexes are groups 
of these intrahepatic bile ducts that fail to 
involute, and polycystic liver results from 
their gradual cystic dilatation (Figs. 1 and 
2). This concept of the origin of polycystic 
liver has been supported by many authors; 
reviews of the literature by Kaufmann,* Han- 
ser, and Norris and Tyson ® emphasize this 
view. 

The present study was motivated by the 
possibility of learning more about the origin 
of the intrahepatic bile ducts from a study 
of polycystic liver. Lewis’ concept of their 
hepatocellular origin is supported by the 
work of Bloom,’ 
ducts even in 1 mm. embryos, and also by re- 


who demonstrated these 


cent studies on the Carnegie collection of em- 
bryos by Streeter.* Bloom reviewed the liter- 
ature and pointed out that Hertwig and other 
embryologists agreed with this view, but that 
Minot and others believed that they are 
formed from the proximal, or bile-duct-form- 
ing, segment of the hepatic anlage. Some 
embryologists in both groups make no dis- 
tinction between the interlobular and the in- 
trahepatic bile ducts. Still others, such as 
Hammar,® agree with Lewis that intrahepatic 
bile ducts differentiate from the liver cells 





POLYCYSTI(¢ 


Fig. 1—Example of cysts in polycystic liver. 
The cyst lining takes the stain in the same manner 
as do the bile capillaries (the latter are not visible 
at this magnification). Eppinger bile capillary stain; 
reduced 4% from mag. x 100. 


but believe that the proximal bile-duct-form- 
ing segment arises from a second, separate, 
different views 
have had varying influences on the interpre- 


entodermal anlage. These 


tation not only of the pathogenesis of poly- 
cystic liver (Wackerle,’® Hanser *) but also 


of the origin of bile duct proliferation in por- 


tal cirrhosis of the liver, and of regenerative 
processes of the liver in general ( Herxheimer 
and Tholldte "'). 

MacMahon and Thannhauser '* and Mac- 
Mahon and other associates have reported 
studies of the liver from several children with 
xanthomatosis and jaundice; in these livers 
there is complete congenital absence of the in- 
terlobular bile ducts in the portal septa, yet 
the canals of Hering are clearly seen and are 
increased. The canals of Hering represent 
the intrahepatic bile ducts in neonatal life and 
must have been formed from the liver cell 
cords, since there are no interlobular bile 
ducts present. 

3ile duct formation can also be seen in 
many cases of hepatocellular carcinoma; Ed- 


mondson and Steiner ** and Berman ** have 
described the polymorphism of this tumor 
and the formation of bile duct elements from 
neoplastic liver tissue. 

Blum and Miller ** in 1932 described, in 
a polycystic liver from an 83-year-old man, 
the unique occurrence of new-formation of 
intrahepatic bile ducts from liver cell cords, 
such as normally occurs only in the embryo. 
Among the 70 cases of polycystic liver re- 
ported in this study there were encountered 2 
cases similar to the 1 reported by Blum and 
Miller. 


there are seen different stages of formation 


In the livers of both of these cases 


of intrahepatic bile ducts directly from the 
liver cells; the newly formed bile ducts are 
seen in various stages of cystic dilatation. 
The process presents an organoid pattern and 
retains a regular arrangement, although it 
appears to stand at the borderline of neo- 
plasia. These two rare cases are described 
in detail below. 


Fig. 2—Example of Meyenburg’s complex in 
polycystic liver. The lining epithelium of the bile 
duct elements forming the complex generally takes 
the stain; the epithelium of the interlobular bile 
duct in the adjacent portal septum does not take 
the stain. Eppinger bile capillary stain; reduced % 
from mag. xX 150. 








TABLE 1.—Classification by Age of Seventy Cases of 
Polycystic Liver 


Cases 

Age by Decades No. 

iG Meirékresveveeseonacencoccesesencees 2 
BD GD Bh cc vccccccccccccccccccecccccsocvcesseesees 0 
Se accnet beeuadsoueessoesoesececeeesessauees 1 
i. dineGueetenbbeds becceretesvanectbuddots 5 
Sr GES oR ceb andes cktnsandceceasescovics 13 
Be OP Gen kc seeecds coccccencendecasvocecetsccovess ll 
| ree 4 
Be Ee Geb ecercedcdssdesesebcatsoqvnscacocvevceses 15 
PE lh cnceddcnieatinedendtbetewineneesséecessees 7 
St SD Me oan dds deabeeenens ss ceseerebccoesecessees 2 


of Polycystic Liver According 
to Sex 


TABLE 2.—I/ncidence 


Cases, 

Sex No. 

PD abet eacdadedececescecaceve sane a a 36 
Female , a kovetinetawn stae 34 


ANALYSIS OF SEVENTY CASES 


In the autopsy records of the Los Angeles 
County General Hospital a total of 70 cases 
of polycystic liver is recorded over a 36-year 
period, an incidence of 1 per 687 autopsies. 
Davis ** collected 499 cases from the litera- 
ture up to 1937. The largest single series 
that can be found in the recent literature is 
a study of 24 cases by Comfort and Gray ™ 
in 1952. The accompanying tables are sum- 
maries of the significant data abstracted from 
the clinical and autopsy records of the 70 
cases. 
TABLE 3.—Incidence of Polycystic Liver According 

to Race or Nationality 


Cases 
No 
PEE anenddivehctddersecksevestece veces exes 57 
PE Gbthdndaddhes adbebtwenedccesoebéceoves 11 
ED Ghadevice dncbsedetesnises pie seheanhoote 2 


TABLE 4.—Classification of Cases According to 
Weight of Polycystic Livers 


Cases, 

Weight of Polycystic Livers, Gm. No. 
SY BE nn chynncdsakecese pcaenevenbed 2 
DE SarnEbshnbeVesdingectceceeshecconccebts 27 
TES EL OT HO eT 31 
EE dahlvadvebeddisaans occvustvercescessouns 8 
e chaeeeddtkacednh baced bh deceses ove cesecennsee 1 
GE 2600 6dsgerhcesccddetesasretserescecvvccessave 1 


A. M. A. ARCHIVES OF PATHOLOGY 

It is evident that polycystic liver develops 
progressively over the years (Table 1) and 
is compatible with the gradual cystic dilata- 
tion of Meyenburg’s complexes. The condi- 
tion is rarely seen in children. 

The largest liver was extensively involved 
by cysts (Table 4). Such extensive involve- 
ment is rare. In spite of marked reduction 


TasBLe 5.—Classification of Cases According to 
Number of Cysts 


Cases, 
Cysts, No No. 
Dt Dod MEAinn toc ues eine ceeebeesee ses bacnndita 8 
EE EE ccodccencssens bude teeststewsees 19 
SE whénedsncuhddndscccagutaudedndbides snnaener 43 


TaBLe 6.—Classification of Cases by . 


Cases, 
Largest Diameter of Cysts, Cm. No. 
BD. anda decodes donecseddountesedsncciccnssecenscdan 10 
DP  udbucusesvebsctbtdbsuhtunnsdeese ecvedesaceubeese 19 
ee ee ee ee ee 12 
ane wecueeds cost esneneesadududecceatersscenesese 4 
i aindinwend Gadd Gabstedetauesewesbanteceetesee 8 
Ch tieanntlin dinentdetadadi bebetins reeset beaneess 3 
DT beuG06eenbss0densebdswkadetenseneeesseeensescne 3 
D cccvccduccccusccvacecceccesesscovcvewcvceecvecs 3 
D cwteteccsscnupetsapeenssoudsa 1 
ae eentes eedtbdubnebndsdséddc dnceved eestioutens 5 
BD ped hakns ckbsccdiewscveceendgbecssesecensnenes we 
BE sa duisoccg he cscedeedescecccsccnenscestscesoesces 2 
* The larger cysts were generally seen in the older age 
groups. 


Incidence of Cases According to Types 
of Epitheltwm Lining the Cysts * 


TABLE 7. 


Cases, 

Epithelium Lining the Cysts No. 
GREE 6-se eb ecens <cenccessbecuveteddesesstees 48 
GEE -océévoccesodncenncerceedneesncenes 16 
DUD  ehewccnnccdeccccccsevedecenccececsoesscsovons 4 
TEL, padkaws denwh bd sen 6nd enadunsetetoneddocesseceace 2 


* The above is also in agreement with the literature. 


in the amount of liver parenchyma, no evi- 
dence of impaired liver function has been 
observed in these cases. 

From the descriptions recorded, it was 
often difficult to classify a case (Table 5). 
Most of the cases were described as having 
many cysts. It could well be that the pres- 
ence of a few scattered small cysts is actually 
more frequent in autopsy material than has 
been reported. 








POLYCYSTIC LIVER 

Contents of cysts consisted of clear fluid 
in all cases. This finding is true of practically 
all reported cases. Occasional cysts contain 
blood or have suppurated, but primarily they 
contain clear serous fluid. 


Meyenburg’s complexes were present’ in 
29 cases, absent in 41 cases. Their presence 
was determined by examining the micro- 
scopic sections in the files. In most cases a 
single representative section of the liver was 
found. Had multiple blocks of liver been ex- 


TABLE 8 Vajor Causes of Death 


Cases, 

No 
Uremia due to polycystic kidmeys.............. 24 
Myocardial infarction ......cccccsccccccccccecs 14 
Complications of malignant tumors os ‘ 13 
CHEE RIOD cn ccidccvecsdiccsdsccus cee 9 
Pulmonary tuberculosis ........ccccccccccccces 7 
A NOE, «4.0. ccntadaccdeséns Gheknbsesscie 5 
Prostatic hypertrophy and uremia........ oe 5 
Congestive heart failure................... 5 
SU SEND ok cabin icesndbdinnwesecceteses 3 
Mesenteric thrombosis ................ 2 
Ruptured aortic aneurysm....... 2 


Appendicitis with perforation 2 


Meningitis, lung abscess, malignant endo 


carditis, diabetic acidosis...............ss00- 1 each 
TasLe 9.—/ncidence of Other Cysts 

Cases, 

No. 

ED TE, a. ccdccuseccsdestenesseenséens 35 
PC WINES cchonecédcesbcsedcticcsesics 1 
Cyst of parathyroid gland............c.eseee- 1 
GD Gr WOE BW exe vccccnccceenssnsenséstcias 1 
CREE OS POT onc 00 ccd cxcncescadtéssesenes 1 
COS OE MRE HO cccccctisccctccoccscesiecees 1 


amined, it is possible that these complexes 
would have been found more frequently. 
This may also be true for solitary cysts of 
the liver (nonparasitic), which most authors 
believe is a minimal phase of polycystic liver. 

Bile ducts, gall bladder, blood vessels, and 
liver parenchyma were recorded as normal 
in all cases. These findings are in agreement 
with practically all reports of cases. 

There was no evidence of liver dysfunction 
in any case, also in agreement with the litera- 
ture. 

A clinical diagnosis was not made in 69 
cases and was made in 1 case, by peritone- 


TasLe 10.—I/ncidence of Tumors 


Cases, 
rype No. 
PN  ccccsccosensnacceceseosessacbonescesnees 8 
STS Fcc coccchodsdsccdémeetensanessesanndeee 17 
*Polyp of stomach, colon; fibroma of larynx, skin; 


adenoma of adrenal gland, kidney; myoma of stomach 
+ Carcinoma of cervix, skin, lung, pancreas, esophagus, 
stomach, colon; meningioma; chronic lymphatic leukemia 


oscopy. Except for rare cases encountered in 
the course of celiotomy, practically all the 
cases of polycystic liver reported in the litera- 
ture were encountered as incidental findings 
at autopsy. Occasional authors suggest that 
in patients with polycystic kidneys an en- 
larged nodular liver should be suspected as 
being polycy stic. 

There was no specific treatment for poly- 
cystic liver in any of the above cases. Occa- 
sional reports have appeared of the use of 
sclerosing solutions to obliterate liver cysts. 
Suppurating cysts have been opened and 
drzined. Cysts obstructing extrahepatic bile 
have been drained, with resulting relief of 
obstructive jaundice. 

Aside from uremia due to polycystic kid- 
neys, the diseases affecting these patients 
were of the same types as would be expected 
among older persons (Table 8). 

The association with polycystic kidneys, 
and to a less extent with multiple cysts in 
the pancreas, lung, and other organs, is one 
of the impressive features of this disease 
(Table 9). Norris and Tyson * draw analo- 
the intra- 
hepatic bile ducts in polycystic liver and the 
noninvolution of embryonal nephron seg- 


gies between 


noninvolution of 


TABLE 11.—IJncidence of Other Congenital 


Anomalies 


Cases, 
No. 
Diverticulum (of esophagus, jejunum, colon, 
GEER TG cn0cnsccecedndcamesecensocess 10 
Aneurysm of cerebral arteries................. 4 
DOMED GNEED cccsccoccccscedccscccevccecceesssss 2 
ET EY oon ch adi cccgeheenedaas needa 1 
Interventricular septal defect.................. 1 
ERD. GEO... c cennnctecasdcadesessncccenss 1 
Aneurysm of coromary artery.................. 1 
DOSEN SOTEES VERGO. oo cccccccccccsccsccssccecs 1 
Separation of common bile duct and 
ED GIGS « cn cdncvnnenesescscedeceessesés 1 
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ments in polycystic kidney. It is unknown 
whether factors such as enzyme patterns or 
chemical “organizers” are present in these 
tissues which fix the embryonal structures 
and prevent their involution. 


The incidence of congenital anomalies and 
of tumors in these cases (Table 10) is higher 
than in the general population, in comparable 
age groups. 

Of special interest is the finding of aneu- 
rysms of the cerebral arteries in four cases 
(Table 11). Polycystic kidneys were also 
present in all four cases. A total of 47 cases 
of polycystic kidneys and associated intra- 
cranial aneurysms have been recorded in the 
literature (Poutasse and associates **). The 
4 cases reported here make a total of 51 cases, 
and they are associated, in addition, with 
polycystic liver. 


REPORT OF CASES 


Case 1.—E. D., a one-month-old Negro boy, was 
brought into the Los Angeles County General Hos- 
pital suffering from a severe upper respiratory in- 
fection of two days’ duration. On the day of entry 
he suddenly became severely dyspneic and cyanotic 
and was rushed to the hospital. He was semicoma- 
tous on entry; the temperature was 98.6 F., pulse 
rate 150, and respiratory rate 72 per minute. He ap- 
peared well developed and well nourished but dysp- 
neic and cyanotic. Numerous rales were heard in 
the lung fields. The heart was enlarged to percus- 
sion, and there was a loud systolic murmur over 
the entire precordium. The liver was palpable 2 
fingerbreadths below the costal margin. The urine 
contained albumin. The hemoglobin was 15.5 gm. 
per 100 ml. of blood; the white cell count was 
3,600, with 38% polymorphonuclear leucocytes, 56% 
lymphocytes, and 6% monocytes. X-ray examination 
of the chest disclosed an enlarged cardiac shadow 
compatible with congenital heart disease. The infant 
was temporarily benefited by oxygen and antibiotic 
therapy but died three days later. 

Autopsy (#48715).—Postmortem examination dis- 
closed a number of congenital malformations. The 
heart was the site of a large interventricular septal 
defect. Overriding this defect was a truncus arteri- 
osus originating above fused aortic and pulmonic 
valves; 1 cm. distal the truncus communis separated 
into aorta and pulmonary trunk. The kidneys were 
polycystic and were fused at the lower poles, form- 
ing a very rare type of polycystic horseshoe kidney. 
The immediate cause of death was extensive con- 
fluent bronchopneumonia. 
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A. M. A. ARCHIVES OF PATHOLOGY 


Examination of the Liver—The liver weighed 70 
gm. and appeared normal in shape. The surface was 
smooth and red-brown in color. The cut surfaces 
were similar in color. No cysts were visible on gross 
examination, but the lobular markings on the cut 
surfaces appeared to be much accentuated. The gall 
bladder, extrahepatic biliary system, and blood ves- 
sels were all normal. 


Microscopic examination of the liver dis- 
closed that the accentuation of the lobular 
markings resulted from the presence of nu- 
merous small intrahepatic bile ducts, some of 
which are dilated and cystic (Figs. 3 and 4). 
It is not uncommon in routine autopsy ma- 
terial from premature and even full-term 
newborn infants to find a few persisting in- 
trahepatic bile ducts, but at the age of one 
month they are rarely found. The first im- 
pression obtained from the liver of this in- 
fant is that one is viewing sections of embry- 
onic liver; yet at no stage in the embryo can 
this degree of intrahepatic bile duct forma- 
tion be found. 


Everywhere in this liver are seen various 
stages of formation of small intrahepatic bile 
ducts from liver cell cords (Fig. 5). The 
newly formed bile ducts have frequently 
grown toward the portal septa and have be- 
come separated from the liver cell cords of 
origin. The bile capillary lumina therefore 
no longer remain in continuity with these 
bile duct lumina, and the latter do not con- 
tain bile. In many areas the newly formed 
bile ducts reach to the portal septa and fuse 
with the interlobular bile ducts in that loca- 
tion (Fig. 6). In general, the newly formed 
bile ducts are at first tubular and later oval 
to round, but frequently their outlines are 
irregular and in the larger portal septa are 
occasionally bizarre. They are lined by 
cuboidal epithelium, the nuclei of which are 
uniform. Only rare normal-appearing mi- 
toses are encountered. The nuclei are pale- 
staining, vesicular, and generally without 
nucleoli, in contrast to the nuclei of the liver 
cells, which are larger and more deeply stain- 
ing and have prominent nucleoli. 

Mallory’s and Bensley’s stains for mito- 
chondria reveal none in the intrahepatic bile 
duct epithelium, but they are present in 








POLYCYSTIC LIVER 


Fig. 3 (Case 1).—Liver. Numerous intrahepatic 
bile ducts are seen in the liver lobules, growing 
toward and into the portal septa. Periodic acid- 
Schiff stain; reduced 4% from mag. x 50. 


Fig. 4 (Case 1).—Liver. A large portal septum 
containing irregular groups of proliferating intra- 
hepatic bile ducts, growing out from liver lobules 
and fusing with interlobular bile ducts in portal 


septa. Mallory’s mitochondria stain; reduced %4 


from mag. x 50. 


>. 


Fig. 5 (Case 1).—Groups of intralobular bile 
ducts are seen still attached to liver cell cords; the 
cytoplasm of the latter contain abundant mito- 
chondria, which differentiates them clearly from 
the bile ducts. Mallory’s mitochondria stain ; reduced 
% from mag. X 300. 


Fig. 6 (Case 1).—Intrahepatic bile ducts are 
seen growing toward, and about to fuse with, 
branches of the interlobular bile ducts in the portal 
septa; the latter are differentiated by Schiff-posi- 
tive material in their epithelial lining. Periodic acid- 
Schiff stain; reduced 4% from mag. x 300. 








Fig. 7 (Case 2).—Sectioned surface of the liver 
disclosing uniform mottling by narrow light gray 
branched and stellate strands. Occasional small 
cysts up to 5 mm. in diameter are seen. 


Fig. 8 (Case 1).—Liver. General view showing 
cysts and revealing the strands that were seen on 
gross examination to be composed of extremely 


large Meyenburg complexes, consisting of large 
groups of proliferating intrahepatic bile ducts. 
Hematoxylin and eosin; reduced 4% from mag. 
x 20. 
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Fig. 9 (Case 2). —Low-power view revealing an 
extremely large Meyenburg complex, adjacent to a 
portal septum and composed of intrahepatic bile duct 
elements being formed from liver cell cords. The 
liver in general is the site of passive congestion. 
Hematoxylin and eosin; reduced 4 from mag. x 50. 


Fig. 10 (Case 2).—The proliferating intrahepatic 
bile ducts are grouped in relation to interlobular bile 
duct branches in the portal septa. Periodic acid- 
Schiff stain; reduced 4% from mag. x 200. 
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Fig. 11 (Case 2).—A newly formed intrahepatic 
bile duct can be seen emerging from a liver cell 
cord. As the bile duct epithelium differentiates from 
the liver cells, the mitochondria gradually disap- 
pear. Bensley’s mitochondria stain; reduced %4 
from mag. 500. 
abundance in the liver cells. Periodic acid- 
Schiff stains reveal Schiff-positive material 
in the interlobular bile duct epithelium but 
This 


none in the intrahepatic bile ducts. 


stain sharply differentiates them even at the 


point of fusion. They can be further differ- 
entiated because the interlobular bile ducts 
are lined by more differentiated and higher 
cuboidal epithelium containing larger, gen- 
erally oval nuclei. Altmann’s stain reveals 
cell granules only in the interlobular bile 
ducts. 


Case 2—E. R., a 59-year-old white woman, 
entered the Los Angeles County General Hospital 
on Aug. 23, 1952, after two weeks of edema of the 
ankles and after suffering numerous severe attacks 
of bronchial asthma for several years. During the 
few weeks before entrance to the hospital she had 
received 0.2 mg. of digitoxin daily, as well as oc- 
casional mercurial diuretics. Physical examination 
disclosed a very dyspneic and cyanotic well-de- 
veloped white woman with marked edema of the 
lower extremities ; anasarca of the lower abdominal 
wall; an enlarged tender liver, palpable 4 finger- 
breadths below the costal margin, and ascites. Rhon- 
chi and wheezing were heard throughout both lung 


fields; the chest was moderately barrel shaped. The 
heart tones were distant but regular, with no mur- 
murs. The pulse rate was 100 per minute and reg- 
ular ; respirations 24; blood 
pressure 110/60. The urine had a specific gravity of 
1.030 and The 
peripheral blood was essentially normal. In spite 


temperature 98 F.; 


contained albumin but no casts. 
of digitalization and supportive measures, she died 
within a short time. The clinical diagnosis was con- 
gestive heart failure due to bronchial asthma. 

Autopsy (#47464).—The essential findings were 
markedly emphysematous lungs, which on micro- 
scopic examination presented the characteristic find- 
ings of bronchial asthma; marked hypertrophy and 
dilatation of the right ventricle of the heart, and 
severe chronic passive congestion of the liver, spleen, 
and kidneys. 

Examination of the Liver—The liver weighed 
normal in configuration. Its 


1,560 gm. and was 


external surface was smooth and dark red-brown 
and was mottled everywhere with narrow light gray 
to yellow-gray firm strands from 1 to 3 mm. in 
width. On cutting, these strands were found scat- 


tered diffusely throughout the liver parenchyma 


Fig. 12 (Case 2).—An elongated intrahepatic 
bile duct can be seen to have been formed from a 
liver cell cord. Its more distal portion is about to 
segment and to become separated. Its proximal 
portion is still attached to the liver cell cord. The 
end of the cord of liver cells has a widened bile 
capillary lumen, but the lumen does not remain in 
continuity with the bile duct. The mitrochondria of 
the liver cell cords are gradually reduced in num- 
ber as the bile duct epithelium is differentiated from 
them. Mallory’s mitochondria stain; reduced 4 
from mag. xX 400. 





(Fig. 7); they were most abundant in the major 
portion of the right lobe. They often were branched 
or stellate. Scattered among these structures were 
occasional thin-walled cysts, measuring up to 5 or 
6 mm. in diameter, with smooth inner linings; the 
cysts contained clear fluid. The liver parenchyma 
between the gray strands was essentially normal, 
with distinct lobulation owing to severe chronic pas- 
sive congestion. The gall bladder, bile ducts, and 
blood vessels were not remarkable. 


Microscopic examination of the liver re- 
vealed the gray strands described above to be 
enormous groups of small bile ducts embed- 
ded in fibrous tissue (Fig. 8) which repre- 
sent Meyenburg’s complexes of great size 


Fig. 13 (Case 2).—Liver. Intrahepatic bile ducts 
newly formed from liver cell cords, fusing together 
and growing toward portal septa. Mallory’s mito- 
chondria stain; reduced % from mag. x 300. 


(Fig. 9). These bile ducts resemble the in- 
trahepatic bile ducts seen in the liver of Case 
1. They are lined by low-cuboidal epithelium, 
the nuclei of which are pale-staining, gen- 
erally without nucleoli, vesicular, and even; 
there is no pleomorphism, and only occa- 
sional normal-appearing mitoses are en- 
countered. The nuclei of the liver cells are 
larger are more deeply staining, and have 
prominent nucleoli. The interlobular bile 
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Fig. 14 (Case 2).—Liver. Fusion of several newly 
formed intrahepatic bile ducts. Mallory’s mito- 
chondria stain; reduced 4% from mag. x 400. 


Fig. 15 (Case 2).—Liver. Formation of intra- 
hepatic bile ducts derived from liver cell cords. Alt- 
mann’s stain; reduced 4% from mag. x 400. 





POLYCYSTIC LIVER 

ducts in the portal septa can also be easily 
differentiated by their larger, often oval, 
more deeply staining nuclei. These large col- 
lections of intrahepatic bile ducts are always 
oriented toward, or joined to, the portal 
septa, and they cluster around the interlobu- 
lar bile ducts and their branches (Fig. 10). 


At the peripheral borders of these collec- 
tions of bile ducts, adjacent to the liver paren- 
chyma, numbers of these ducts can be seen 
being formed from the ends of the liver cell 
cords. The patterns that they assume in this 
location consist of outgrowths of elongated, 
rather narrow bile duct channels (Fig. 11). 
After separation from the liver cell cords 
they may segment (Fig. 12). Occasionally 
two or three adjacent ones appear to have 
fused together (Figs. 13 to 15). They then 
become incorporated into the large Meyen- 
burg complexes, where they tend to widen 
and to become oval or round, although gen- 
erally somewhat irregular; in this location 
they appear to continue to proliferate. 

Special stains aided in identifying the 
various stages in the process. Mallory’s 
as well as Bensley’s stains for mitochondria 
revealed an abundance of mitochondria in 
the liver cells but in the bile duct 
At their junctions there was 
often a gradual diminution in mitochondria 
in the liver cells over a length of about five 
or six cells in the liver cell cord, but in 


none 
epithelium. 


other areas there was often an abrupt transi- 


tion. The latter appeared to be a second 
stage, because in the areas of abrupt transi- 
tion there was no communication between 
the bile duct lumen and the bile capillary of 
the adjacent liver cell cord; the latter ap- 
peared to be pinched off. This explains the 
absence of bile in these ducts and in the cysts 
formed from them. The periodic acid-Schiff 
method reveals Schiff-positive material in 
the interlobular bile ducts but none in the 
newly proliferated ducts. The latter stain 
with Eppinger’s bile capillary method, but 
the interlobular bile ducts do not take this 
stain. Altmann’s stain revealed cell granules 
only in the interlobular bile ducts. 


SUMMARY 


In the autopsy records of the Los Angeles 
County General Hospital over a 36-year 
period there were found 70 cases of poly- 
cystic liver, an incidence of 1 per 687 autop- 
sies. The condition is increasingly frequent 
with advancing age; it results from the 
gradual cystic dilatation of groups of persist- 
ing intralobular bile ducts (Meyenburg’s 
complexes) which fail to involute in the 
later embryologic development of the liver. 
There is a high incidence of association with 
bilateral congenital polycystic kidneys and 
occasionally with cysts of the pancreas, lungs, 
and other organs. There is also a high in- 
cidence of association with other congenital 
anomalies and with benign and malignant 
tumors. In four cases polycystic kidneys 
were associated with intracranial aneurysm. 
In no case was there distinct clinical or labo- 
ratory evidence of liver dysfunction; the 
clinical diagnosis was made in one case, by 
peritoneoscopy. The liver parenchyma in 
general, as well as the gall bladder and the 
extrahepatic bile ducts, are normal. 


Two cases in this series are of special in- 
terest because there is seen new-formation of 
intrahepatic bile ducts from liver cell cords, 
as occurs in embryonic livers; the newly 
formed bile ducts are seen in various stages 
of cystic dilatation. The process appears to 
be on the border line of neoplasia, but it re- 
tains an organoid pattern and a regular 
arrangement. This rare finding has only 
once been previously reported in the litera- 
ture. A review of the literature of polycystic 
liver is presented. 
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News and Comment 


ANNOUNCEMENT 


Cancer Research Symposium.—The Ninth Annual M. D. 


Anderson Symposium on 


Fundamental Cancer Research will be held on March 10-12, 1955, at the University of Texas 
M. D. Anderson Hospital and Tumor Institute in the Texas Medical Center, Houston. Dr. 
George Gomori, of the University of Chicago, will be chairman of a program devoted to histo- 
chemistry. On the evening of March 11, the Bertner Award for outstanding contributions in the 


field of cancer research will be made. 


Conference on Protein Metabolism.- 


The 


llth Annual Conference on Protein Meta- 


bolism, “Some Physiological Aspects and Consequences of Parasitism,” sponsored by the Bureau 
of Biological Research of Rutgers University, State University of New Jersey, will be held in 


New Brunswick, N. J., Jan. 28 an 


29, 1955. 


Reports will be given on cultivation of intra- 


cellular parasites, intestinal physiology and the host-parasite relationship, protein metabolism of 
intracellular parasites, glycolytic enzymes of schistosomes, antibody formation and leishmaniasis, 


and metabolism of the host. 


The conference is open to all registrants. 


Reservation blanks may 


be secured from William H. Cole, Ph.D., Rutgers University. 
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AORTIC LESIONS INDUCED IN THE BIRD BY DIETHYLSTILBESTROL 


INJECTIONS AND CHOLESTEROL FEEDING 


A Study of Their Development and Regression 


STUART LINDSAY, M.D., San Francisco 
C. W. NICHOLS Jr., MA. 

and 

1. L. CHAIKOFF, M.D., Berkeley, Calif. 


REVIOUS studies have shown that arte- 
riosclerosis occurs naturally in the bird. 
The the 


character of aortic 


lesion varies 
with the portion of the vessel involved and 
with the sex of the animal. The lesion in 


the elastic thoracic aorta is more prominent 
in the female bird than in the male and con- 
sists (in the earliest stages) of an accumula- 
tion of lipid in the intima and media, fol- 
lowed by intimal fibrous thickening. The 
naturally occurring lesion in the muscular 
abdominal aorta is primarily fibrotic in na- 
ture and is seen most frequently in male 
birds.’ 

Lipemia of either exogenous (cholesterol 
feeding) or endogenous (diethylstilbestrol 
injection) origin causes lipid infiltration of 
the vascular wall. This infiltration may pro- 
duce a new atheromatous lesion or may 
modify an existing spontaneous lesion. In 
the abdominal aorta lipid deposition becomes 
the intimal 


plaques. Experimentally induced aortic dis- 


pronounced in preexisting 
ease and that occurring naturally differ only 
in the degree of intimal thickening and in the 
and the 
lipids deposited. The lesions induced by 


amounts proportions of various 
diethylstilbestrol injections more closely re- 
semble the spontaneous lesion than do those 
It has 


been pointed out that in the cholesterol-fed 


rc 


resulting from cholesterol feeding. 


S. Public Health 
Life Insurance Medical 
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bird the deposition of lipid in the arterial wall 
is a single manifestation of a generalized 
cholesterol deposition.' 


EXPERIMENTAL 


Single-comb, white Leghorn cockerels, 3 to 4 
months old, obtained from the Poultry Division of 
this into the following 
II, 49 diethylstilbestrol- 


injected birds, and III, 15 cholesterol-fed birds. 


university, were divided 


three groups: I, 35 controls; 


Throughout the entire experimental period the 
birds of Groups I and II were fed Purina broiler 
had 


which been added 5% cottonseed 


(Wesson) oil. 


chow to 


Two pellets, each containing 12 mg. of diethyl- 
stilbestrol, were implanted subcutaneously into each 
bird of Group II at monthly intervals for the periods 
Table 4. 

The birds of Group III were fed Purina broiler 
chow to which had been added 2% 


shown in 


cholesterol and 
5% cottonseed oil, for periods recorded in Table 5. 

A number of birds of Group II were killed while 
still under the influence of diethylstilbestrol treat- 
ments. Other birds of this group, which had been 
under diethy!stilbestrol treatments for 10 months, 
were killed at bimonthly intervals up to 12 months 
after cessation of diethylstilbestrol iniections. How- 
ever, pellet residues were removed from these birds 
at the end of the 10-month period. 

\ number of birds of Group III were killed while 
still being fed the cholesterol-containing diet. Other 
birds of this group were killed at bimonthly inter- 
vals up to eight months after cholesterol feeding 
During this latter eight- 
month period the birds were fed the Purina broiler 
chow to which had been added 5% cottonseed oil. 


had been discontinued. 


At monthly intervals the birds were weighed and 
blood samples were taken from an alar vein. Plasma 
was analyzed for total cholesterol and fatty acids by 
procedures described elsewhere.* 


RESULTS 


The results are recorded in Tables 1 and 2. 
The high lipid values observed in birds fed 
cholesterol and implanted with diethylstil- 


LL 
* References 2 and 3. 
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bestrol are in keeping with those noted in noted. The tissues were fixed in 10% form- 
an earlier report. Upon removal of the aldehyde U. S. P. Sectioning of the tissues 
diethylstilbestrol implants or cessation of and microscopic grading were done in the 


Taste 1.—Total Cholesterol and Total Fatty Acids in Plasma of Cholesterol-Fed and 
Diethylstilbestrol-Implanted Birds 


Total Cholesterol, Mg. % Total Fatty Acids, Mg. % 
. - SS eee - 


Interval, -— - - on ; _— —-- 

Mo. Ave. Range SEx* N . Ave. Range SEx 
Diethylstilbestrol-Implanted Birds 

140 62-415 16 941 194-6 ,850 269 

696 71-1,270 56 1,300 286-15,800 804 
1,006 546-1,400 45 13,494 7,410-18,600 666 
1,106 75-1,570 10,967 770-17,800 222 
1,025 73-1,400 58 12,700 194-18,900 

873 75-1,390 145 10,874 1,520-16,900 

902 96-1 ,590 228 9,530 382-15,100 

915 102-1,510 144 12,196 239-17 ,900 

994 120-1,560 81 9,128 596-20,100 
1,267 845-1,700 71 14,387 4,140-20,600 
Diethylstilbestrol implants stopped 

118 69-204 13 ll 

100 64-159 y 12 

86 72-118 7 


> 
9 82-98 5 8 
3 


i 47-56 3 25 195-292 
Cholesterol-Fed Birds 
247-1,200 5s 7 1,106 520-1,600 

579 206-1,730 14 385-2,100 
564 175-1,630 10 565 225-1,360 
664 256-978 5 4 390-978 
286 167-454 5 3 239-354 
439 189-750 ‘ 7 5 277-743 
416 125-892 5 4 195-569 
236 111-360 ; 10 é 191-439 
281 119-534 2 3 198-575 
340 158-632 g 242-663 
365 117-906 ‘ 196-828 
Cholesterol feeding stopped 

136 72-185 § 189-332 
97 82-111 

oS 79-90 


* Standard error of the mean derived from the formula SEX = 


Tasie 2.—Total Cholesterol and Total Fatty Acids in Plasma of Control Birds Determined at Infrequent 
Intervals During the Experiment 








Total Cholesterol, Mg. % Total Fatty Acids, Mg. % 


stant — gucticentamiaatacnatannniimncmmainnnennbiaity * 
Range SEX N Range SEx 
60-173 4 35 121-454 12 


cholesterol feeding, the concentrations of same manner as described previously. A 
lipids in plasma returned to normal. number of the birds died spontaneously dur- 

The birds were killed by exsanguination, ing the course of the experiment, and their 
and the hearts and aortas were removed. tissues were also treated as described above. 
The aortas were opened longitudinally, and Although designed primarily to study the 
the gross appearance of the intimas was the question of regression of arteriosclerosis 
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AORTIC LESIONS IN THE BIRD 
in the bird, the present work has also served 
to clarify the developmental aspects of the 
disease. The latter will be dealt with first. 
1. Development.— Naturally Occurring 
Arteriosclerosis (Table 3): In the control 
birds, two types of arteriosclerosis were 
found. One consisted primarily of lipid infil- 


tion, none demonstrated refractile substance 
suggestive of cholesterol. 

A second type of naturally occurring arte- 
riosclerosis in the bird was observed in the 
abdominal aorta. This lesion was primarily 
fibrous in nature, although lipid substances 
appeared later as the lesion progressed. The 


TasLe 3.—Aortic Lesions in Control Birds (Group I) 


Microscopic Examination 
of Thoracic Aorta 


Interval 
Age, on Experi- Intimal 
Bird* Mo ment, Mo. Thickeningt 
BE Dh sccecsenes 5 1 0 
4702 K.. 6 8 0 
SE Mascecsossees 8 5 0 
4969 D.. . 5 0 
1248 K.. 9 6 0 
4974 D... 10 7 0 
| 10 7 0 
4980 D.. 12 a 0 
1081 D.. 14 11 0 
re 16 13 0 
a 16 13 0 
8 17 14 0 
1102 K.. 17 14 0 
1131 K... 17 14 0 
1250 K.. 17 14 0 
3688 K.. 17 14 0 
Pe eedsaawend 18 15 0 
kes 19 16 0 
1148 K... 19 16 0 
2147 D... 20 16 0 
 ) ae 21 18 0 
5413 K... 21 18 lt 
| 21 18 0 
1205 K... 1 18 0 
5349 K... 21 18 0 
1106 K... 22 19 0 
4972 K... 22 19 0 
2463 K... 22 18 0 
3941 K... 22 19 0 
1267 K... 22 19 0 
1151 D 22 19 0 
4973 K... 23 20 0 
2659 K.. 24 21 0 
2764 K 24 21 1+ 
gg 24 21 0 


*D indicates died; K, killed. 


Microscopic Examination 
of Abdominal Aorta 
Choles- Intimal Choles- 


Lipids? terol{§ Thickeningt Lipids? terolt§$ 
0 0 1+ 1+ 0 
0 0 1+ 0 0 
0 0 2+ 0 0 
0 0 a+ 1+ 0 
0 0 2+ 0 0 
0 0 1+ 0 0 
0 0 0 0 0 
0 0 24 2+ 0 
2+ 0 1+ 94+ 0 
0 0 1+ 1+ 0 
1+ 0 9+4- 3+ 0 
1+ 0 3+ 3+ 0 
0 0 44 2+- ? 
1+ 0 4+ 2+- T+ 
0 0 4+ 2+ 0 
0 0 4- ae 0 
0 0 34+ o+ 1+ 
> 0 2+ 3+ 0 
1+ 0 3+ 3+ 0 
1+ 0 1+ 0 0 
1+ 0 2+ 3+ 0 
2+ 0 4+ 2+ 1+ 
0 0 1+ 0 0 
0 0 2+ Le 0 
1+ 0 2+ 2+ 0 
ao 0 4+ 3+ 0 
0 0 2+ 1+ 0 
1+ 0 2+ 1+ 0 
le 0 3+- 3+ 0 
0 0 1+ 0 0 
1+ 0 2+ 2+ 0 
0 0 2+ 2+ 0 
0 0 2 2+ 0 
2+ 0 1+ 2 0 

a 0 1+ 3+ 0 


+t Microscopie grading of lesions: 1+ indicates minimal intimal thickening; 24-, mild intimal thickening; 3+, moder- 
ate intimal thickening; 4+, pronounced intimal thickening or presence of large plaques. 

t Microscopic grading of lipids: 1+ indicates minimal amounts in intima or media; 2+, mild infiltration in intima 
or media; 3+, moderate infiltration mainly in the intima; 4+, large amounts mainly in the intima. 


§ Estimated by polarized light. 


tration, first of the media and later of the 
intima, of the thoracic aorta (Fig. 1). In 
only one of 35 birds was a grossly visible in- 
timal lesion found. Only two of the birds dis- 
played thickening of the intima, visible mi- 
croscopically, as a result of lipid infiltration 
of the vascular wall (Fig. 2). While approx- 
imately half of the birds showed lipid infiltra- 


present study shows that the initial alteration 
in the abdominal vessel consisted of degen- 
eration and fragmentation of the internal 
elastic membrane. This injury was followed 
by deposition of acid mucopolysaccharide and 
proliferation of fibroblasts in the intima. Par- 
tial replacement of the mucoid ground sub- 
stance by reticulum and collagenous fibers 
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occurred later (Figs. 3 to 5). The deposi- 
tion of lipid substance, which appeared first 
in the deeper layers of the thickened intima, 
was a late phenomenon. Thus, the naturally 
occurring arteriosclerosis of the abdominal 
portion of the aorta of the bird has a patho- 
genesis similar to that occurring naturally in 
man,7 dogs,t and cats.§ Table 3 shows that 
the severity of intimal thickening and the 
degree of lipid infiltration of the abdominal 
aorta tend to increase with the age of the 
bird. While refractile material, presumably 
cholesterol, may appear in the abdominal le- 
sions, the amounts found there were small. 

Diethylstilbestrol-Induced Lesions (Table 
4): The thoracic lesions found in the birds 
injected with diethylstilbestrol closely resem- 
bled those occurring naturally, differing 
mainly in the amount of lipid substance de- 
posited in the aortic wall (Figs. 6 and 7). 
Table 4 shows that during the 10-month 
period the birds were injected with diethyl- 
stilbestrol lesions of increasing severity de- 
veloped in the thoracic aorta. 

In the abdominal aorta of the diethyl- 
stilbestrol-injected birds, the lesions were 
severer than were those observed in control 
birds of similar ages. The earliest lesion ob- 
served in the intima of the abdominal aorta 
consisted of fragmentation and splitting of 
segments of the internal elastic membrane. 
These segments were surrounded by narrow 


masses of fibrillary acid mucopolysaccharide 


 _ 

+ References 4 and 5. 

t References 6 and 7. 

§ Lindsay, S., and Chaikoff, I. L.: Unpublished 
data. 


Fig. 1 (Bird 1106).—Control. Thoracic aorta 
showing lipid deposition in medial layer. Sudan IV- 
hematoxylin stain; reduced 1/9 from mag. x 160. 


Fig. 2 (Bird 2764).—Control. Thoracic aorta 
showing thickened intima consisting of vesicular 
connective tissue cells. Laidlaw connective tissue 
stain; reduced 1/9 from mag. x 320. 


+ 


Fig. 3 (Bird 2147).—Control. Abdominal aorta 
showing fibrous thickening of intimal layer. Note 
fragmentation and reduplication of internal elastic 
membrane. Verhoeff-Van Gieson stain; reduced 
1/9 from mag. x 320. 


Fig. 4 (Bird 1131).—Control. Abdominal aorta 
showing intimal fibrosis. Hematoxylin and eosin 
stain; reduced 1/9 from mag. x 320. 















































































substance, which in some instances elevated 
the endothelium slightly (Fig. 8). No lipid 
material appeared in the early lesions, and 
there was no cellular proliferation. 

The plaques observed later in the lower 
portion of the abdominal aorta were ridge- 
like structures. In younger birds these were 
white, whereas in the older birds they were 
yellow, indicating the presence of fat. 

The larger intimal plaques of the abdomi- 
nal aorta consisted of fibroblasts and abun- 
dant intercellular material, both arranged 
parallel to the endothelial lining. The deeper 
portions of these plaques were composed of 
loosely arranged, relatively acellular, mu- 
coid connective tissue, which was mainly 
mucopolysaccharide. A few undulating deli- 
cate reticulum and collagenous fibers were 
present. These were most numerous in the 
superficial and deeper portions of the 
plaques. Beneath these larger plaques the 
internal elastic membrane had partially dis- 
appeared (Fig. 9). That remaining was 
fragmented and reduplicated. 

As compared with the control group, 
greater degrees of intimal thickening and 
lipid infiltration were observed microscopi- 
cally in the abdominal aorta. Refractile ma- 
terial was present in the more advanced 
abdominal lesions of the diethylstilbestrol- 
injected birds but was absent in the control 
birds. 


Cholesterol-Induced Lesions (Table 5): 
The thoracic lesions in the cholesterol-fed 
birds were fundamentally similar to those 


Fig. 5 (Bird 1102).—Control. Abdominal aorta 
with large, fibrous intimal plaque. Hematoxylin and 
eosin stain; reduced 1/9 from mag. x 45. 


Fig. 6 (Bird 1938).—Diethylstilbestrol-injected. 
Thoracic aorta showing deposition of abundant lipid 
in inner medial layer. Nile blue stain; reduced 1/9 
from mag. x 80. 


Fig. 7 (Bird 1222).—Diethylstilbestrol-injected. 
Thoracic aorta showing early intimal thickening. 
The intimal cells appear to arise from endothelium. 
Verhoeff-Van Gieson stain; reduced 1/9 from mag. 
x 320. 


Fig. 8 (Bird 1703).—Diethylstilbestrol-injected. 
Abdominal aorta showing early intimal lesion. Frag- 
mentation of the internal elastic membrane is asso- 
ciated with deposits of mucopolysaccharide, shown 
here beneath the endothelium. Verhoeff-Van Gieson 
stain; reduced 1/9 from mag. x 960. 
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TABLE 4.—Aortic Lesions in Diethylstilbestrol-Implanted Birds (Group II)* 


Period 
— NF Microscopic Examination Microscopie Examination 
On of of Thoracic Aorta of Abdominal Aorta 
Diethyl- Diethyl- -—— - ‘~— SE 
stilbes- stilbes- Intimal Intimal 
trol,t trol, Thick- Choles- Thick- Choles- 
Mo. Mo ening Lipids terol ening Lipi + terol 
1 es 0 “ 0 0 


o4 0 


1+ 
o4 
14 
3+ 
8+ 
9. 
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* For explanation of symbols, see footnoes to Table 3. 
+ Each bird was injected subcutaneously with two pellets, each containing 12 mg. of diethylstelbestrol, at monthly 
intervals for the periods shown below. 


ons m Cholesterol-Fed Birds * 


TasBLe 5.—Aortic Lest 


Period Microscopie Examination Microscopie Examination 
— A FF of Thoracic Aorta of Abdominal Aorta 
On of aoc == 7 
Choles- Choles- Intimal Intimal 
Bird Mo. Mo. Thick- Choles- Thick- Choles- 
terol, terol, ening Lipids terol ening Lipids terol 


rere eeeesece 0 2+ ae 0 1+ 0 
1177 D.... 6 0 3+ 4 3+ 3+ 

5149 K 2 
4212 K 
5135 
5094 
5162 
4976 
2539 
3598 
4977 
5143 
4979 
5089 
5104 








ae | 


2° 


24+ 9+ ey Boe 
2+ 2+ 2+ 2+ 
2+ 9+ 0 3+ 
6 1+ 0 3+ 


1+ 2+ 0 3+ 


3+ 3+ 2+ 4+ 
2+ 3+ 0 3+ 
1+ 1+ 0 3+ 
1+ 1+ 0 3+ 
2+- 1+ 0 3+ 
0 1+ 0 3+ 
1+ 1+ 1+ 

1+ 1+ 0 


S2@Oacqarr err coo 


* For explanation of symbols, see footnotes to Table 3. 
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found naturally, as well as to those observed 
after injections of diethylstilbestrol. The 
plaques, however, were more numerous, 
tended to coalesce, and were tan or white 
rather than yellow. Table 5 shows that lipid 
infiltration and secondary intimal thickening 
were severer and appeared earlier in the 
cholesterol-induced lesions than in the natu- 
rally occurring lesions or in those resulting 
from injections of diethylstilbestrol. The 
amounts of refractile material (presumably 
cholesterol) deposited in the vascular wall 
of the cholesterol-fed birds were greater than 
those observed in the diethylstilbestrol-in- 
jected birds (Figs. 15 to 17). 

The cholesterol-fed birds developed gross- 
ly visible plaques in the abdominal portions 
of the aorta. Under the microscope these 
lesions showed pronounced intimal thicken- 
ing in which collections of foam cells asso- 
ciated with an abundance of lipid mate- 
rial, including refractile substance. Large 
cholesterol crystals and small calcific de- 
posits were seen in the largest plaques. 

2. Regression.—In considering the ques- 
tion of regression of aortic arteriosclerosis 
in the bird, the following two points should 
be noted: 1. The pathogenesis of the thoracic 
and abdominal lesions differs. 2. In older 
birds the naturally occurring lesions, particu- 
larly of the abdominal aorta, continue to 
progress, while the experimentally induced 
lesions (usually superimposed upon the 


Fig. 9 (Bird 3679).—Diethylstilbestrol-injected. 
Abdominal aorta showing layering of thickened 
intima. Note loss of continuity of the internal elastic 
membrane. Verhoeff-Van Gieson stain; reduced 1/9 
from mag. xX 80. 


Fig. 10 (Bird 1829).—Diethylstilbestrol-injected. 
Thoracic aorta (postinjection period) showing 
thickened intima consisting mainly of acid muco- 
polysaccharide. Colloidal iron-Prussian blue stain; 
reduced 1/9 from mag. xX 320. 


Fig. 11 (Bird 2193).—Diethylstilbestrol-injected. 
Thoracic aorta (postinjection period) showing de- 
creased cellularity of thickened intima, with con- 
densation of intercellular fibers. Laidlaw connective 
tissue stain; reduced 1/9 from mag. x 320. 


Fig. 12 (Bird 1829) —Diethylstilbestrol-injected. 
Thoracic aorta (postinjection period) showing 
thickened, indented intima with amorphous hyaline 
intercellular substance. Hematoxylin and _ eosin 
stain; reduced 1/9 from mag. x 160. 





spontaneous ones) probably do not progress 
after the stimulus to their formation is re- 
moved. 

Diethylstilbestrol-Induced Lesions (Table 
4): A decrease in severity of the grossly 
visible thoracic aortic arteriosclerosis was 
observed during the 12 months after diethyl- 
stilbestrol injections were discontinued. Mi- 
croscopic examination, however, revealed 
that the intimal thickening was as severe as 
before. There was a general diminution in 
the amounts of lipid in the thoracic aortic 
wall, and a few lesions still contained refract- 
tile material. The intercellular substances in 
the thickened intima became condensed in 
pericellular deposits as the lipid substance 
(and the cells containing it) disappeared 
(Figs. 10 to 12). 

The lesions of the abdominal aorta dis- 
played little or no regression after cessation 
of diethylstilbestrol injections. The degree 
of intimal thickening present at the end of 
the injection period persisted. In addition, 
the amounts of lipid material found during 
the 12-month period following cessation of 
diethylstilbestrol injections had increased. 
Some of the larger plaques contained large 
cholesterol crystals, pools of lipid-containing 
fluid, and calcific deposits (Fig. 13). One 
bird showed an extensive aneurysmal dila- 
tion of the upper abdominal aorta compli- 
cated by thrombosis (Fig. 14). None of 


Fig. 13 (Bird 5391).—Diethylstilbestrol-injected. 
Abdominal aorta (postinjection period) showing 
large intimal plaque. The deeper portion is mucoid, 
and focal calcification is present. Hematoxylin and 
eosin stain; reduced 1/9 from mag. x 80. 


Fig. 14 (Bird 3181).—Diethylstilbestrol-injected. 
Abdominal aorta (postinjection period) showing 
cross section of fusiform aneurysm. There is ex- 
tensive destruction of the medial layer, and the 
lumen is partially occluded by a mural thrombus. 
Hematoxylin and eosin stain; reduced 1/9 from 
mag. x 10. 


Fig. 15 (Bird 1177).—Cholesterol-fed. Thoracic 
aorta showing abundance of lipid in thickened 
intima. The denser deposits are in foam cells. Sudan 
o_o stain; reduced 1/9 from mag. 
« 80. 


Fig. 16 (Bird 5104).—Cholesterol-fed. Thoracic 
aorta showing early intimal plaque composed of foam 
cells. These appear to have arisen from endothelium. 
Hematoxylin and eosin stain; reduced 1/9 from 
mag. x 320. 
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these changes was observed during the pe- 
riod of diethylstilbestrol injection. 

It would appear that the regressive changes 
in the experimentally induced arteriosclerotic 
lesions of the abdominal aorta are obscured 
by the continuing development of the nat- 
urally occurring disease in this segment of 
the vessel. A comparison of the lesions of the 
diethylstilbestrol-injected birds with those 
of the control birds of the same ages (Tables 
3 and 4) indicates that the older control 
birds had lesions almost as severe as those 
found in the older diethylstilbestrol-injected 
birds during the 12-month period following 
cessation of diethylstilbestrol injections. 


Cholesterol-Induced Lesions (Table 5): 
The thoracic aortic lesions, grossly visible 
in the cholesterol-fed birds, decreased in 
number and size during the eight-month pe- 
riod after withdrawal of cholesterol from the 
diet. Microscopic examination of the thoracic 
aortas of these birds demonstrated decreasing 
intimal thickening and increasing amorphous 
hyalinization of the intercellular stroma, 
which contained small, calcific deposits (Fig. 
18). The degree of lipid infiltration and the 
amounts of refractile substances were less 
during the postfeeding period than during 
the period when the birds were ingesting 
cholesterol. 

After the cholesterol feeding was stopped, 
the lesions of the abdominal aorta tended to 
enlarge for the next four to six months. Se- 
vere intimal disease was observed micro- 


Fig. 17 (Bird 5135).—Cholesterol-fed. Thoracic 
aorta showing thickened, fibrous intima displaying 
fibrillary intercellular substance. Verhoeff-Van 
Gieson stain; reduced 1/9 from mag. x 160. 


Fig. 18 (Bird 4976).—Cholesterol-fed. Thoracic 
aorta (postfeeding period) showing hyalinization 
of intercellular substance of thickened intima. 
Numerous calcific deposits are present. Hematoxylin 
and eosin stain; reduced 1/9 from mag. x 80. 


Fig. 19 (Bird 5162) —Cholesterol-fed. Abdominal 
aorta (postfeeding period) showing penetration of 
media by foam cells originating in the intima. Hema- 
toxylin and eosin stain; reduced 1/9 from mag. 


x 160. 
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Fig. 20 ( Bird 4976) .—Cholesterol-fed. Abdominal 
aorta (postfeeding period) showing large abdominal 
plaque containing deposits of cholesterol producing 
a foreign body reaction. Hematoxylin and eosin 
stain; reduced 1/9 from mag. x 80. 
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scopically. Groups of foam cells often ex- 
tended into the medial layer (Fig. 19). The 
large plaques retained abundant lipid sub- 
stance. Considerable amounts of refractile 
material remained, including large cholesterol 
crystals, which were more numerous at this 
time than during the feeding period. These 
crystals were often surrounded by numerous 
foreign-body giant cells (Fig. 20). Large 
and small calcific deposits were more plenti- 
ful in the intimal plaques during this post- 
feeding period. In two birds examined eight 
had 
refractile 


months after cholesterol been omitted 
the 


found in the intimal plaques. 


from diet, no material was 


COM MEN1 

1. Published Observations on Regression 
of Arteriosclerosis—The question of regres- 
sion of arteriosclerosis has received some at- 
tention. The earliest studies were those of 
Anitschkow * and others,® who observed re- 
gression in cholesterol-induced aortic lesions 
in the rabbit following cessation of choles- 
that the 
advanced lesions regressed more completely. 


terol feeding. It was found less 
Lipids gradually diminished in quantity but 
anistropic crystals persisted, especially in the 
deeper portions of the intima. The superficial 
layers of the lesions finally consisted chiefly 
of fibrous connective tissue with abundant 
collagen and elastic fibrils. 

Regression of cholesterol-induced arterio- 
sclerosis in the dog was investigated by 
Bevans and others.'® They found that aortic 
lesions produced by the feeding of thiouracil 
plus cholesterol diminished in number and 
severity during the period when the animals 
were returned to a stock diet. 

There is evidence that arteriosclerotic le- 
sions in man may regress. So-called lipid 
spots on the aortic intima increase in fre- 
quency during the first few decades of life 
but tend to disappear thereafter, and it is 
believed that these lesions are primarily lipid 
in origin. While these earlier lesions probably 
regress completely, other advancing arterio- 
sclerotic lesions may occur in the same loca- 
tions in middle and old age.** In an earlier 
study of lipid infiltration of human aortas, 
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Schirmer ‘* suggested that atheromatous le- 
sions might heal by reconstitution of intimal 
connective tissue. Leary ** has stated that 
atheromatous lesions need not advance, and, 
indeed, may regress, after the disappearance 
of cholesterol from the lesion. This regres- 
sive change was believed to occur in the as- 
cending aorta, even in old age. According to 
Wilens,'* even advanced arteriosclerotic le- 
sions of the aortas of older persons may 
regress. 

Horlick and Katz *® demonstrated regres- 
cholesterol-fed 


sion of arteriosclerosis in 


chicks. Within three weeks after cessation of 
feeding of cholesterol little or no gross evi- 
dence of arteriosclerosis remained in the 
aorta, a finding that suggested a complete re- 
mission. Rodbard and co-workers ** recently 
presented data showing that the cholesterol- 
induced arteriosclerotic lesions of the chick 
aorta, which were visible grossly, might re- 
Hirst 27 
studied the relation of diet and cholesterol to 
atheroma 


solve rapidly. Peterson and also 


formation in chickens and con- 
cluded that reversibility of cholesterol-in- 
duced aortic lesions was related to the total 
amount of cholesterol ingested and to the 
duration of the cholesterol feeding. 

Thus, in rabbits, dogs, birds, and, possibly, 
man, regression of naturally occurring and 
experimentally induced arteriosclerosis does 
occur, 

2. Regression of Arteriosclerosis in the 
Present Study.—The apparent persistence or 


lack of significant regression of the experi- 


mentally induced abdominal lesion may be 
due, in part, to the continuing development 
of the naturally occurring lesion. It has been 
previously pointed out that the lesions in- 
duced in birds by the feeding of cholesterol 
differed from those induced by the injection 
of diethylstilbestrol in that the proportion of 
cholesterol deposited in the vascular wall 
was apparently greater in the birds fed 
cholesterol.* When cholesterol was deposited 
in the arterial wall and, particularly, after it 
had formed large crystals, it seemed to be 
removed less readily than did other lipid 
substances. 








AORTIC LESIONS IN THE BIRD 

The factors probably accounting for the 
persistence of lipid and cholesterol in the ab- 
dominal intimal plaques of both diethyl- 
stilbestrol-injected and cholesterol-fed birds 
following cessation of the experimental pro- 
cedures are (1) the relative localization of 
cholesterol and other lipid substances in the 
central and deeper portions of the plaques 
and (2) the dense peripheral fibrosis about 
these lipid-containing areas. 

It is evident that the degenerative changes 
occurring in the experimentai lesions, in- 
duced by either diethylstilbestrol or choles- 
terol, are fundamentally similar and are 
characterized by loss of lipid, condensation 
of intercellular stroma, formation of choles- 
terol crystals surrounded by foreign-body 
giant cells, and deposition of calcium. The 
degenerative changes of the regressing lesion, 
however, are more pronounced in the choles- 
terol-fed birds. 

Previous studies of regression of arterio- 
sclerosis in the bird were made on younger 
animals fed cholesterol.'® Much greater re- 
gression was observed in those birds than 
in the older birds used in the present study. 
In our birds, regression of experimentally 
induced lesions, during the 8 to 12 months 
after removal of the experimental stimulus, 
was not particularly impressive. However, 
the thoracic lesions in both the diethylstil- 
bestrol-injected and the cholesterol-fed birds 
did show some regression, mainly indicated 
by a decrease in the amounts of intimal and 
medial lipid. For purposes of studying the 
disappearance of lipid from a vascular wall, 
the thoracic aorta is, therefore, the tissue of 
choice. 

There was little evidence of regression of 
the experimentally induced lesions in the ab- 
dominal aorta. It is of interest to note that 
the abdominal lesion in the bird closely re- 
sembles, in its pathogenesis and histologic 
appearances, the arteriosclerotic lesion of 
muscular arteries of man. Both lesions origi- 
nate at sites of injury of the internal elastic 
membrane. In both, accumulations of acid 
mucopolysaccharide are replaced by fibro- 
blastic proliferation and collagen, and these, 
in turn, are followed by lipid and cholesterol 


deposits, appearing first in the deeper layers 
of the thickened intima. Since it is probable 
that these lesions in the bird and in man are 
comparable, it would appear that various 
regimens designed to lower plasma lipids and 
cholesterol in man would result in little, if 
any, regression, once severe arteriosclerotic 
lesions have been established. 


SUM MARY 

The following two phases of the arterio- 
sclerotic process of the bird were studied: 
(a) the developmental aspects of both the 
naturally occurring and the cholesterol- and 
diethylstilbestrol-induced lesions of the tho- 
(b) 
gressive changes occurring in the established, 
experimentally induced when the 
atherogenic stimulus of lipemia had been re- 
moved. 


racic and abdominal aorta and the re- 


lesions 


birds the thoracic aortic 
lesion resulted from lipid infiltration, first 
in the media and later in the intima. Pro- 
liferation of intimal cells led to intimal thick- 


In the control 


ening and formation of plaques. 


The initial abdominal aortic lesion con- 
sisted of fragmentation of the internal elas- 
tic lamina, followed by deposition of acid 
Intimal fibroblastic 


proliferation associated with further mucoid 


mucopolysaccharide. 


deposition resulted in formation of large in- 


timal plaques. Lipids appeared to play no 


part in the pathogenesis of the early ab- 
dominal lesion, although lipids did appear 
later in the deeper portions of larger intimal 
plaques. 

The pathogenesis of the thoracic and ab- 
dominal injected with 
diethylstilbestrol or fed cholesterol is similar 


lesions of birds 
to that of the naturally occurring disease, but 
the experimentally induced disease is severer 
because of greater degrees of lipid infiltration 
with its complicating features. 

Regressive changes in the aortic lesions 
were observed when lipemia, previously in- 
duced either by diethylstilbestrol injection 
or by cholesterol feeding, disappeared. 

Regression of the thoracic lesion was char- 
acterized by a decrease in size and number 
of intimal plaques, by decreased amounts of 
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infiltrating lipids (including refractile sub- 
stances), and by increasing amounts of in- 
tercellular fibrillary material. 

There was little evidence of regression of 
the experimentally induced lesions in ab- 
dominal aortas, although deposition of crys- 
talline cholesterol, increased amounts of con- 
densed connective tissue stroma, and calcific 
deposits were observed in the postlipemic 
period. This late lesion of the abdominal 
aorta closely resembled late arteriosclerotic 
lesions of muscular arteries of man. 

The California Poultry Supply Co., Los Angeles, 
supplied the Capette Pellets (diethylstilbestrol) 
used in this study, and Mr. William R. Gaffey, 
Research Statistician in the School of Public Health, 
did the statistical analysis of the blood lipid data. 
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PATHOLOGY OF CHOLINE DEFICIENCY 


Observations with Special Reference to Liver 


GEORGE F. BUCKLEY, M.D., Stouffville, Ont. Canada 
and 
W. STANLEY HARTROFT, M.D., Ph.D., St. Louis 


INCE THE discovery of the lipotropic 

action of dietary choline and its pre- 
cursors, betaine, methionine, and methionine- 
containing protein, beginning with the origi- 
nal observations of Best and Huntsman in 
1932, many reports have appeared in the 
literature concerning the pathology of choline 
deficiency in the rat,* dog,? chicken,{ rab- 
bit,§ guinea pig,|| monkey,’® and, probably, 
man. The mouse was one of the first ani- 
mals in which a fatty liver due to low-choline 
diet was demonstrated. In 1932, Best, Hunts- 


is 


man, and Solandt '* reported that mice fed 
diets low in choline rapidly developed fatty 
These the 


mouse were soon confirmed by a number of 


livers. initial observations on 
subsequent investigations,’® but they were all 
concerned with the biochemical aspects of the 
hepatic changes. Wilson investigated neo- 
plastic changes in livers of choline-deficient 
mice.# In his experiments nodular cirrhosis 
did not develop in the livers of mice main- 
tained on a 4% casein diet for long periods 
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IN THE MOUSE 


of time or fed a semisynthetic diet mixed 
with an equal amount of bentonite, a cation- 
exchange silicate which prevents absorption 
of choline. Wilson discovered hepatomas in 
all but one of 12 mice fed the bentonite-diet 
mixture for 200 days. He described the 
tumors as resembling masses of liver paren- 
chyma without normal lobular pattern and 
without portal canals. Highman and Daft 
noted that cirrhosis developed in C3H mice 
fed low-protein, low-choline diets ** but did 
not describe the lesions extensively. 

The present report is concerned with the 
detailed study of the series of pathologic 
changes observed in the livers of 51 mice 
fed a low-choline diet for periods up to 172 
days, along with studies of a comparable 
number of controls fed the basal diet sup- 
plemented with adequate amounts of choline. 
The observations of Wilson have been con- 
firmed and extended. The pathology of 
choline deficiency in the livers of mice will 
be compared to that in rats. 

MATERIAL 


AND METHODS 


One hundred ten weanling male mice, 3 weeks 
old, of the Carworth Farm strain were studied in 
two experiments. In the first of these, 90 animals 
were employed, 45 being fed a basal choline-de- 
ficient diet and 45 this diet supplemented with 0.5% 
choline chloride. During the first two and one-half 
months of the experiment the animals were kept 
five to a cage; then, for the remainder of the period, 
all mice were transferred to individual cages. Mice 
from both groups, experimental and control, were 
serially killed at intervals of 3, 8, 11, 13, 15, 20, and 
25 weeks. Animals were killed under ether-in- 
halation anesthesia and representative blocks of 
tissue taken from heart, aorta, liver, pancreas, kid- 
ney, spleen, testes, and most other viscera. Blocks 
of tissue were fixed by immersion in Bouin’s solu- 
tion and in formol-calcium solution. Bouin-fixed 
tissues were dehydrated in isopropyl alcohol using 
a Technicon, infiltrated and embedded with wax, and 
sectioned at 54. Hematoxylin and eosin stain on 
paraffin sections was done routinely, and, in addi- 
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CHOLINE DEFICIENCY IN 
tion, on selected tissues special stains were carried 
out to demonstrate elastic tissue, connective tissue, 
ceroid, hemosiderin, and calcium. Formalin-fixed 
tissues (hearts, livers, kidneys, and, in some in- 
stances, aortas) were frozen, sectioned at 5#, and 
stained by Wilson’s modification of Lillie’s isopropyl! 
alcohol (Isopropanol) supersaturated oil red O 
technique.*5 
Stainable fat in abundance was found in the 
livers of mice in the first group killed at the end of 
only three weeks of choline deficiency. Therefore, 
in a second experiment to study earlier stages of 
the condition, 10 weanling mice were fed the choline- 
deficient diet and 10 were fed this basal diet sup- 


plemented with 0.5% choline chloride. Two animals 
from each group were killed after intervals of 2, 
4, 8, 16, and 24 days on their respective dietary 
regimens. Histologic techniques applied to tissues 
obtained from these animals were the same as those 
employed in the first experiment. 

The percentage composition of the basal hypo- 
lipotropic diet 
soya protein 6,7 


meal 6,* 


lt LP 


fe low Bs 
PDW-vitamin 


was as peanut 
mixture 
 —_—_ LT 

* Solvent process ; 


(50%, 


peanut meal extracted with 
70%, and 95%, 


+ Glidden’s “alpha protein.” 


hot ethanol respectively ). 


t The PDW-vitamin mixture consisted of thia- 
mine hydrochloride, 500 mg.; riboflavin, 250 mg.; 
pyridoxine hydrochloride, 206 mg.; calcium pan- 
tothenate, 1 gm.; nicotinic acid, 1 gm.; folic acid, 
50 mg.; biotin, 30 mg.; menadione (2-methyl-1, 4- 
naphthoquinone), 100 mg.; p-aminobenzoic acid, 
10 gm.; inositol, 50 gm.; finely powdered sucrose 
(100 mesh), to 1,000 gm. 





EXPLANATION OF FiGuREs 1, 2, 3, 4 
Fig. 1.—Surface of the liver of a mouse that had 
been fed the low-choline diet for 60 days. The liver 
is greatly swollen by contained fat, rendering the 
lobular pattern very prominent. A few large sub- 
capsular fatty cysts may be seen; x 8. 


Fig. 2—Two large nodules are seen on the sur- 
face of the liver of a mouse that had been fed the 
low-choline diet for 150 days. Microscopically, 
these nodules proved to be hepatomas (Fig. 12); 
x 4 


Fig. 3.—Stainable fat is present in small droplet 
form within nearly every parenchymal cell in this 
liver of a mouse that had been fed the low-choline 
diet for only two days. The cells immediately sur- 
rounding the branch of the portal vein in the upper 
portion of the field contain a little less fat than the 
remainder. Frozen section stained with oil red O; 
<x 100. 


Fig. 4—Large fatty cysts have formed through- 
out this liver of a mouse that had been fed the low- 
choline diet for 50 days. Subcapsular cysts are 
bulging outward on the surface at the right. At the 
lower right, two cysts are fusing into a single larger 
one. Paraffin section stained with hematoxylin and 
eosin: < 200. 


MICE—LIVER 


salts 3,§ Cellu flour 2, cystine 0.15, dextran 18.0, 
starch 18.0, sucrose 20.85, lard 25.0, cod liver oil 
concentrate 0.010,|| alpha-tocopherol acetate 0.010. 
The dietary ingredients were mixed in a Hobart 
power food mixer and the rations were stored in 
tightly covered tinned cans in a refrigerator at 
about 4 C. The diet was placed in feeding tins made 
from ointment containers, which were specially 
devised to minimize spilling. The amount of food 
consumed by the animals was not recorded. Some 
of the animals practiced coprophagia and those that 
did this consistently developed only mild signs of 
lipotropic deficiency. Individual cages were devised 
from empty coffee or tobacco tins, four inches high 
and four inches in diameter, with holes punched in 
the removable tops. Sawdust was sprinkled on the 
bottom and a one-quarter inch mesh, galvanized 
wire screen floor, raised one inch from the bottom 
of the tin, was inserted. Tap water was available 
to the animals at all times. 


RESULTS 
The gross appearances of the livers in the 
choline-deficient mice were striking (Figs. 1 
and 2). After three or four weeks of choline 
deficiency the livers had enlarged to two or 
their normal volume 
tended almost to the lower limit of the ab- 


three times and ex- 
dominal cavity. But “hobnail” livers were 
nevér encountered, even in mice that had 
been maintained on low-choline diets for six 
months. Although these livers appeared finely 
nodular, they felt no firmer than usual and 
the surface irregularity was found micro- 
scopically to be due to fatty cysts that bulged 
beneath the capsule (below). The pattern 
of the lobules (Fig. 1) was prominent be- 
cause each was distended with fat. In some 
a 


§ The salt mixture (Lucas and Patterson) is 


made from salts commercially available in finely 
powdered form and supplying amounts of minerals 
believed optimal for growth of rats; 1 kg. contains 
CaCOs, 110 gm.; CaHPO,s, 325; K:HPO,, 275; 
MgSo,.3.5HsO, 100; NaCl, 150; ferric citrate, 30; 
“trace element mixture,” 10 gm. The last contains, 


per 100 gm.: CaCOs, 70; MnSO,.4H.O, 19.85; 
ZnSO,.7H:O, 3.50; CuSO..5H.O, 4.00; KI, 0.05; 
NaF, 0.05; Als(SO«)s.K2SO..24H20, 0.40; CoCh. 
6H:O, 0.05; Na:SiOs.9H.O, 2.00, and NaAsOn, 
0.10. 


|| The cod liver oil concentrate was obtained 
from Ayerst, McKenna, & Harrison, Ltd., Mon- 
treal, Canada. It contains per gram 200,000 inter- 
national units of vitamin A and 50,000 international 
units of vitamin D. 
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CHOLINE DEFICIENCY IN 
late stages isolated nodules were observed 
scattered apparently at random on the sur- 
face, the largest measuring 5 to 6 mm. in 
diameter. 

Appreciable amounts of stainable fat had 
accumulated within nearly every parenchy- 
mal cell in the livers of animals killed after 
they had consumed the choline-deficient diet 
for periods as brief as two days (Fig. 3). 
As a result, it was difficult to determine any 
characteristic lobular distribution of the lipid 
which might be evident in even earlier stages, 
although in a few areas of some of the sec- 
tions there was less stainable fat in liver 
cells immediately adjacent to portal triads. 
In the rat, dietary choline deficiency regu- 
larly results in a nonportal distribution of 
the stainable fat.{! A similar type of distribu- 
tion mice was not 
clearly demonstrated, and with this object 


in the choline-deficient 


even briefer periods of choline deficiency 
than two days are now being studied.# The 
stainable fat present at the end of two days 
of choline deficiency was in small cytoplasmic 
droplets that surrounded, but did not dis- 
place, the nuclei. Most liver cells in section 
contained from two to eight of these drop- 
lets. 

{| References 2 through 5. 

# Experiments with this objective are now being 
‘arried out in this laboratory by Mr. J. Blumenstein 
and Mr. Henry Best. Their results will be reported 
separately elsewhere 


6, 7, 8 

Fig. 5.—The upper half of the picture shows a 
low-power view of the liver of a choline-deficient 
mouse, and the lower half, taken at the same magni- 
fication, represents the liver of a choline-deficient 
rat. Note the greater size of fatty cysts in the mouse 
liver. Paraffin sections stained with hematoxylin 
and eosin; x 100. 


EXPLANATION OF FiGuREs 5, 


Fig. 6—A fatty cyst (upper center) is bulging 
into the lumen of the radicle of the hepatic vein, cut 
tangentially, in this paraffin section of the liver of 
1 choline-deficient mouse. Trichrome stain; x 200. 


Fig. 7.—A normal bile duct is shown in the right 
enter portion of the field illustrated, from a paraffin 
section of liver of a choline-deficient mouse. Above 
the bile duct and also to the left are two newly 
formed ducts. Note that the latter stain more darkly, 
and the cells are small. Trichrome stain; x 200. 

Fig. 8.—Extensive bile duct hyperplasia, present- 
ing an adenomatous appearance, is shown in this 
low-power view of a paraffin section of a choline- 
deficient mouse liver. Trichrome stain; x 50. 


MICE—LIVER 


In the livers of the mice killed after 4, 8, 
16, and 24 days of choline deficiency, stain- 
able fat in the cytoplasm of the parenchymal 
Intracellular lipid 
droplets fused together to form large spher- 
ules that occupied nearly all the cytoplasm 


cells rapidly increased. 


and displaced the nuclei to one side. Fatty 
cysts (originally termed lipodiastemata °) 
livers of all 
were killed after more than one month of 
choline deficiency (Fig. 4), and cysts were 


were present in animals that 


noted in the liver of one mouse that had been 
fed the low-choline diet for only eight days. 
The manner in which fatty cysts are formed 
and the stages in their development in rats 
have been previously described.** Formation 
of fatty cysts in choline-deficient mice fol- 
lows exactly the same pattern as in the rat; 
accumulation of increasing amounts of fat in 
adjacent liver cells compresses their contigu- 
ous limiting membranes into an optically 
single tenuous septum that separates the two 
masses of intracellular lipid. Still further 
accumulation of fat within these cells may 
stretch the septum until it ruptures, thus 
allowing the two pools of lipid (now sep- 
arated by the septum no longer, since it has 
been torn) to coalesce. The ruptured cells 
are conjoined by the fragments of the torn 
septum formed originally by compression of 
their limiting membranes, and, in effect, 
thereby constitute the walls of small cysts 
comprised of two or more such cells. In the 
choline-deficient rat, fatty cysts rarely at- 
tained diameters of more than 100, in paraf- 
fin sections (compared to diameters of 12 
to 14 for single liver cells in similar sec- 
livers). 


tions of control rats’ Cysts in the 


choline-deficient mice eventually became 
much larger than any ever encountered in 
the rats, with diameters in some sections of 
150u or more (Fig. 5). 

These large cysts in the mouse livers 
sometimes presented unusual features. Fre- 
quently they were observed immediately be- 
neath the capsule of Glisson, bulging on the 
surface of the organ (Fig. 4). These bulges 
undoubtedly were smaller in the sections 
than they would have been during the life 


of the animal, owing to shrinkage of the 
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CHOLINE DEFICIENCY IN MICE—LIVER 


tissues during fixation and dehydration. In 
some instances the tenuous cyst membrane 
separating the fat from the peritoneal cavity 
was ruptured in the section, but this appear- 
ance was undoubtedly, in many instances, 
due to artifact, because inflammatory reac- 
tions in these regions were not encountered 
in the sections. The largest of the subcapsu- 
lar cysts were visible on gross examination 
as small, yellow, glistening excrescences. 

In the substance of the liver, fatty cysts 
sometimes compressed and encroached upon 
blood vessels. This situation was observed 
most frequently around radicles of the he- 
patic vein (Fig. 6), where the cysts bulged 
against the vessel wall, pushing it inward. 
At these points the wall of the cyst and the 
lining of the vessel together formed only a 
tenuous septum, so thin that even under the 





Choline Trace of Abundant 
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highest magnifications of the light micro- 
scope this membrane, separating the cyst 
contents (fat) from the blood within the 


EXPLANATION OF FiGuREs 9, 10, 11, 12 

Fig. 9.—A nest of proliferating parenchymal cells 
is present at the left between the adventitial sheath 
and intimal lining of a radicle of a hepatic vein in 
the liver of a choline-deficient mouse. Ceroid de- 
posits (not visible here) and fat vacuoles occupy 
the cytoplasm of the cells. Paraffin section with tri- 
chrome stain; x 400. 


Fig. 10.—A small nodule of abnormal cells re- 
sembling those in bile ducts is present beneath the 
surface of the lung of a choline-deficient mouse. 
The inset shows an attempt at formation of ducts. 
Paraffin section with trichrome stain; x 100 and 
x 500. 


Fig. 11—A clump of ceroid pigment is shown 
occupying very swollen parenchymal cells, the 
nucleus of one being visible at the left edge of a 
clump. The granular nature of the ceroid can be 
seen. Paraffin section stained with oil red O; x 400. 


Fig. 12—The low-power view shows a nodule of 
the type illustrated grossly in figure 2. Fat accumu- 
lation does not develop to more than minimal degree 
in these nodules. The inset shows the nature of the 
cells which bear some resemblance to those of liver 
parenchyma. Paraffin section stained with hema- 
toxylin and eosin; x 20 and x 500. 








vessel, could not be resolved into more than 
one structure. 


Fibrosis in choline-deficient mice livers in 
these experiments never attained appreciable 
proportions. Cysts attained relatively enor- 
mous dimensions (Fig. 5), but ruptured cysts 
were not often encountered (as is the case 
in livers of choline-deficient rats). Between 
intact cysts, strands of blue-staining, coarse 
reticulin made their appearance in livers of 
mice maintained on the low-choline diets for 
periods of two and one-half months or more. 
Together, these intercystic reticulin strands 
give a picture of a minimal degree of dif- 
fusely distributed hepatic fibrosis. In an oc- 
casional animal, it was apparent that more 
of occurred 
nonportal regions than in others, but well- 


condensation reticulin had in 


defined focal lobular patterns of the lesions 


Lesions in Choline-Deficient and Control Mice 


Fatty Calcifica Fat and 
Degen- tion in Necrosis Fat in 
Hepatic eration, Renal in Myo- Coronary 
Neoplasia Kidney Arteries cardium Arteries 
11 21 6 10 3 
0 1 0 3 1 


were rarely encountered; whereas, in the 
rat, hepatic fibrosis induced by choline de- 
ficiency is almost always delimited to non- 
portal regions at a comparable stage. 

After even comparatively brief periods of 
choline deficiency, hyperplasia of bile ducts 
became a prominent feature in all sections 
of the mouse livers. The earliest evidence of 
this change was observed in one animal that 
had been killed after 24 days on the low- 
choline diet. Bile duct hyperplasia was ob- 
served to develop earliest in the midportions 
of liver lobes near major divisions of the 
biliary tree (Fig. 7). Newly formed ducts 
were lined by orderly rows of benign-appear- 
ing epithelial cells. Mitotic figures were fre- 
quently encountered, however, and it was 
evident that increase of bile ducts in the sec- 
tions was a result of epithelial hyperplasia. 
New ducts formed areas which became large 
enough to occupy entire low-power fields 
(Fig. 8), giving an appearance suggestive of 
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CHOLINE DEFICIENCY IN 
adenomatous change. Nothing in their his- 
tology or cytology suggested malignancy, but 
in animals fed the low-choline diet for more 
than three months invasion of the walls of 
radicles of the hepatic veins by hyperplastic 
duct cells was encountered (Fig. 9). They 
formed small nodules or sheets between the 
adventitial sheath and the intimal lining of 
the vessels. Frequently these nests of pro- 
liferating cells were separated from the lumen 
of the vessel by only its endothelial lining. 
Sometimes the cytoplasm of these cells con- 
tained fat vacuoles and deposits of ceroid 
(Fig. 9). In the lungs of one mouse a small 
nodule was found near the surface of one 
lobe. It proved to be metastatic tumor of bile 
duct origin (Fig. 10). Duct hyperpiasia with 
adenomatous change was observed in 11 of 
the 51 choline-deficient animals (Table). 
In addition to the areas of adenomatous 
hyperplasia of bile ducts, regions of paren- 
chymal cell hyperplasia were encountered 
(Fig. 12) that sometimes formed nodules of 
sufficient size that they were apparent on 
gross examination (Fig. 2). Nuclei of the 
cells forming the nodules resembled nuclei 
of normal liver cells with regard to nuclear 
membranes, size of nucleoli, and chromatin 
network. Cytoplasm of these cells was much 
less abundant than that of normal liver cells, 
so that nuclear-cytoplasmic ratios in the cells 


Ficures 13, 14, 15, 16 

Fig. 13.—The proximal convoluted tubules in the 
cortex of this kidney from a choline-deficient mouse 
appear black because they contain masses of stain- 
able fat. Frozen section stained with oil red O; 
x 20. 


EXPLANATION OF 


Fig. 14—A renal artery from a choline-deficient 
mouse is shown. The vessel has not contracted. 
Hyalinization and calcification of intima and media 
have occurred at the left. Paraffin section with 
hematoxylin and eosin stain; x 150. 


Fig. 15.—The upper portion shows the degree of 
fat accumulation in the liver of a mouse that had 
consumed the low-choline diet for 28 days. The 
lower portion is from the liver of a mouse that was 
fed the low-choline diet for a similar period and 
then treated with choline for 125 days. Paraffin 
sections with hematoxylin and eosin stains; x 80. 

Fig. 16—Higher magnification of a section of 
the liver illustrated in the lower portion of the pre- 
ceding figure. Masses of ceroid pigment are still 
present in this liver and exceed, in quantity, the 
amount encountered in any mice killed after less 
than 30 days of choline deficiency (see text). Oil 
red O stain on paraffin section; x 300. 


MICE—LIVER 


of the nodules were abnormally high. Lobular 
organization and cord formation were ill- 
defined in the nodules, and rarely did they 
contain appreciable amounts of stainable fat. 
All these features are characteristic of hepa- 
tomas, and, indeed, the appearance of the 
liver-cell nodules resembled that of trans- 
plantable liver tumors of mice, as described 
by Maver and co-workers.** 

Ceroid * deposits formed a prominent fea- 
ture in nearly all the sections of the choline- 
deficient mice livers. The longer the animals 
remained on the diet the greater the abun- 
dance of the deposits. The distribution of the 
ceroid pigment was clearly nonportal, being 
found most frequently immediately adjacent 
to large radicles of the hepatic vein, often in 
the form of perivascular cuffs. The deposits 
were granular in appearance, so that their 
resemblance to clumps of distorted red blood 
cells was readily apparent (Fig. 11). The 
possible significance of these observations 
will be discussed. Ceroid deposits were also 
found in the lungs of many of the choline- 
deficient mice killed in the latter half of the 
experimental period. 

Significant abnormalities of organs other 
than the liver were not detected on gross 
examination at autopsy. But microscopically 
in nearly half of the choline-deficient mice 
(21 out of 51) renal tubules contained abun- 
dant deposits of stainable fat (Table). Lipid 


drops frequently filled the cytoplasm of epi- 


thelial cells forming the walls of proximal 
convoluted tubules. In most advanced in- 
stances cells of proximal convoluted portions 
of every lobule were fatty (Fig. 13), but 
these deposits of lipid were not associated 
with any other abnormalities of the tubules, 
such as the necrosis or atrophy so frequently 
encountered in kidneys of choline-deficient 
rats. Deposits of lipid in renal tubules could 
not be demonstrated in any animals killed 
before the 20th day of the experiment. Only 
the kidney of 1 of 52 choline-supplemented 
mice contained abnormal fat. 

Hyaline degeneration and calcification of 
subintimal and medial layers of renal vessels 
were noted (Fig. 14) in 6 of 51 choline- 
deficient mice; this lesion was not encoun- 
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the controls. Affected vessels in 


section are distended in a manner suggesting 


tered in 


that the usual contraction seen in fixed ma- 
terial had not occurred. Stainable fat was 
not found in any of these lesions. In their 
early stages homogeneous eosinophilic ma- 
terial was deposited immediately beneath the 
intima and encroached, in some instances, 
upon the media. Only small deposits of cal- 
cium salts were present, even in more ad- 
vanced stages, and took the form of fine 
granular clumps chiefly in the media. Neither 
in their pathogenesis nor in their final form 
did these lesions resemble those previously 
encountered in choline-deficient rats.* Fatty 
degeneration in coronary arteries and cardiac 
muscle was encountered more frequently in 
the choline-deficient group (Table) than in 
the choline-supplemented mice, but it was not 
confined to the former and its significance 
may be questioned. 

One animal in the choline-deficient group was 
maintained on the basal dietary regimen for 28 
days, and then for a further 125 days it was given 
choline (Fig. 15). Lipotropic therapy suc- 
cessful in mobilizing all stainable fat from the liver 
cells, but striking amounts of ceroid pigment were 
observed on necropsy (Fig. 16) in large clumps, of 
the shape and size of fatty cysts. The amount of the 
pigment was so abundant as to suggest that per- 
haps it had continued to form for some time after 


was 


the institution of choline therapy. 


COM MENT 


Fatty Cysts in Choline-Deficient Mice.— 


Greater amounts of stainable fat in livers 
of mice subjected to dietary choline defi- 
ciency accumulated more rapidly than in 
young rats fed similar diets for comparable 
periods of time. Dr. Jessie H. Ridout, in the 
Banting and Best Department of Medical 
Research, has measured biochemically the 
amount of liver lipid in the mice, and her 
results have indicated that the percentage fat 
(of weight of liver) exceeded anything ever 
encountered in the same laboratory in cho- 
line-deficient rats. Judging by the amount of 
liver fat, the mouse is more sensitive to cho- 
line deficiency than the rat, but this com- 
parative rating is not true for other mani- 


* References 28 through 30. 
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festations of the low-choline diets. Grossly 
nodular cirrhosis, renal damage, cardiac 
necrosis with fibrosis, and lesions of cor- 
onary arteries or aortas apparently can not 
be produced readily in the choline-deficient 
mouse. On the other hand, hyperplastic and 
neoplastic changes in the livers of the mice 
appeared more frequently than in the livers 
of the strain of rat studied in this laboratory 
for periods up to a year or more. Even with 
more susceptible strains, Copeland and Sal- 
mon,*' who first reported that hepatomas 
could be induced by choline deficiency, found 
it took a year or more before neoplasia could 
be demonstrated in the animals. 

Normal liver cells in mice are smaller than 
those in rats but, despite this, the average 
size of fatty cysts in the choline-deficient 
mice was larger than those in the choline- 
deficient rat. In the mice, cysts continued to 
enlarge instead of rupturing, as in the rat. 
In previous publications we have emphasized 
the cirrhogenic nature of fatty cysts in rats 
and man.*? Livers of these choline-deficient 
mice provide corroborative evidence of a 
“negative” nature to support this concept. 
In the mice, fatty cysts continue to grow 
and enlarge, but rarely rupture, and in these 
livers only minimal reticulin condensation 
was encountered, thus confirming Wilson, 
who also reported that frankly nodular cir- 
rhosis did not develop in choline-deficient 
mice. Absence of cirrhosis in these animals 
could be explained by failure of accumulated 
fat to destroy liver cells by cyst rupture, as 
is the case in the rat. Highman and Daft,”* 
who reported cirrhosis in mice, used a special 
strain (C3H) that appears to react in a man- 
ner more like that of the rat to choline de- 
ficiency than did the strains used by Wilson 
and by us. 

Neoplasia. 


cancer of the liver and cirrhosis has been 


The frequent association of 


well documented in the clinical literature. 
Most observers have assumed that neoplasia 
in cirrhotic choline-deficient rats’ livers was 
secondary to the cirrhosis. In confirmation 


I 


+ References 20 through 23. 





CHOLINE DEFICIENCY IN MICE—LIVER 
of Wilson’s findings,t we have also observed 
the development of neoplasia (with pulmo- 
nary metastasis in one case) in noncirrhotic 
livers of our choline-deficient mice. This con- 
firmation would seem to establish clearly that 
in some strains of mice, at least, cirrhosis is 
not a necessary event in the pathogenesis of 
cancer induced by dietary deficiency. It does 
not imply, however, that choline deficiency 
directly induced neoplasia in liver cells. Neo- 
plasia may have developed as a result of the 
disturbance in structure and function caused 
by excessive fat accumulation in the livers. 
In any event, dietary deficiency must now be 
included among other carcinogenic factors 
in experimental cancerology, as proposed also 
by Tannenbaum.** 


Of 51 choline-supplemented mice, 22 con- 


tained an amount of stainable fat in their 
livers graded as 1+ and 6 were graded as 


2+ (Table). 
the initial half of the experimental period, 


In the livers of mice killed in 


fat was most frequently periportal in dis- 
tribution, but in livers of animals killed after 
two or more months on the control diet the 
fat was predominently centrolobular. The 
greatest amount of fat in livers of the con- 
trols was found in mice killed during the 


first three weeks of the experiment. The ex- 


planation for this phenomenon is not readily 
apparent ; it is possible that excessive caloric 
intake by mice when first placed in individual 
cages might have been a factor, because they 
then consumed as much food as they desired 
without competition from other mice. Ob- 
servations recently completed in this labora- 
tory ** have indicated that, despite adequate 
amounts of choline and methionine in the 
diet, rats that consume excessive amounts of 
casein diets may temporarily accumulate 
large amounts of liver fat, which disappear 
after the animals are continued on the diet 
for three weeks or more. Food intake in the 
control mice in the present experiments was 
not recorded. Adequate explanation for their 
fatty livers will have to await further and 
more detailed observations. 


t References 20 through 23. 


Mice are resistant to the induction of renal 
damage by choline deficiency. Despite ap- 
preciable amounts of abnormal lipid in the 
proximal convoluted tubules of many of the 
animals reported here, irreversible tubular 
damage was absent. Only Carworth Farm 
strain of mice was used, however, and it is 
possible that, if a number of other in-bred 
or hybrid strains of mice had been employed, 
renal damage might have been induced in 
some. 

Twelve per cent of the choline-deficient 
mice developed hyalinization and calcifica- 
tion of renal arteries. These lesions were en- 
countered more frequently in animals killed 
in the latter half of the experimental period, 
and it is possible that had all the mice been 
maintained on the low-choline diet for four 
or five months the incidence of renal vascu- 
lar lesions would have been appreciably 
higher. Highman and Daft ** have described 
similar changes in a number of vessels in 
C3H mice fed low-choline, low-protein diets, 
but they found that choline added to the 
drinking water of control animals did not 
the 
In the strain of mice employed in 


prevent the development of vascular 
changes. 
our experiments, the addition of choline to 
the food mixture appeared to prevent the ap- 
pearance of vascular changes in control ani- 
mals. The method of administering the cho- 
line supplement and variations associated 
with the strain of mouse appear to warrant 
further investigation with regard to vascular 
associated with 


degeneration low-protein 


diets. 

Perhaps one of the most interesting results 
of this investigation is the demonstration 
that signs of a dietary deficiency in one par- 
ticular strain of one species do not duplicate 
the lesions seen in other species (rat, guinea 
pig, dog, etc.). The cardinal pathologic fea- 
ture of choline deficiency is the accumulation 
of of fat, but 
effects in the various species appear to pro- 


abnormal amounts liver its 


duce divers manifestations, i. e., cirrhosis in 
rats, tumors in mice. These observations 
serve to demonstrate that undue emphasis 
should not be placed on detailed pathologic 
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criteria in comparisons of disease states in dif- 
ferent species. Cirrhosis in choline-deficient 
rats is not the exact morphologic counterpart 
of cirrhosis in alcoholic man. The difference 
between the liver of the choline-deficient rat 
and that of the choline-deficient 
even greater. 


mouse is 
It would not be more justified 
to conclude that the etiology and pathogene- 
sis of cirrhosis in alcoholic man and choline- 
deficient rat were on different bases because 
the lesions are not identical than it would be 
to assume that the etiology of liver lesions 
in a choline-deficient mouse and _ choline- 
deficient rat differed because their pathologic 
pictures varied. Only by careful studies of 
the pathology of dietary deficiencies in every 
available species of experimental animals can 
the investigator become familiar with the 
possible variations in the manifestation of 
the deficiency states. The accumulated data, 
when available, will provide information of 
value in assessing possible causes of disease 
in man. The present investigations are but 
one step in this direction. 


SUMMARY 


In male mice of the Carworth Farm strain 


fed choline-deficient diets for periods up to 


a maximum of 172 days, excessive amounts 
of abnormal fat were found deposited in their 
livers. Lipid was contained in relatively enor- 
mous fatty cysts which only infrequently 
ruptured. Fibrosis was minimal in any of the 
animals’ livers, and grossly nodular cirrhosis 
did not develop. Adenomatous hyperplasia 
and hepatomas were observed in 11 of 51 
choline-deficient mice. Kidneys of these ani- 
mals frequently contained stainable fat de- 
posits in proximal convoluted tubules, but 
the 
of the deficient 


other lesions were never observed in 


In 12% 


animals hyaline degeneration and calcifica- 


renal parenchyma. 


tion of encountered. 


renal arteries were 
Control animals, fed the same basal diet, sup- 
plemented with 0.5% choline chloride, failed 
to develop any significant incidence of ab- 
normalities. Small amounts of stainable fat 
appeared transiently (in the initial periods 
of the experiment, particularly) in the livers 


196 


A. M. A. ARCHIVES OF PATHOLOGY 
of mice in the choline-supplemented group. 
Fat deposition may have been due to exces- 
sive caloric intake during that period of the 
experiment. 

Differences between the pathology of the 
livers of choline-deficient mice and those of 
choline-deficient rats and their possible sig- 
nificance are discussed. 

Prof. C. H. Best gave help and direction in 
carrying out the experiments; Dr. Jessie H. Ridout 
assisted in preparing the diets; Mr. William D. 
Wilson cut and stained the microsections, and Mrs. 
M. E. Lindsay prepared the manuscript. 
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HEPATIC FIBROSIS 


IN CHILDREN WITH ACUTE LEUKEMIA 


AFTER THERAPY WITH FOLIC ACID ANTAGONISTS 


JACOB COLSKY, M.D., Brooklyn 

EZRA M. GREENSPAN, M.D., New York 

and 

THOMAS N. WARREN, M.D., Staten Island, N. Y. 


co Farber’s initial report * of the de- 
velopment of remission in acute leu- 
kemia in children treated with aminopterin 
(4-aminopteroylglutamic acid), a number of 
investigators have amply confirmed that the 
anti-folic-acid compounds may induce hema- 
tological and clinical remissions in patients 
ill from acute leukemia.* The leukemic pro- 
cess ultimately becomes refractory or resist- 
ant to further treatment, even in those 
patients in whom excellent clinical and hema- 
tological remissions have been induced one 
or more times. 

Unfortunately, the margin of safety with 
the folic acid antagonists is narrow, and un- 
desirable side-effects may occur with doses 


near, or slightly in excess of, the therapeutic 


levels. Leucopenia, thrombopenia, anemia, 
painful oral mucosa ulcerations, ulcerations 
of the gastrointestinal tract, skin rashes, and 
alopecia have been noted.¢ Other evidence 
— 

From the Clinical Research Unit of the National 
Institute, U. S. Public Health Service, 
of Health, Education and Welfare, 


Cancer 
Department 
Baltimore. 

A preliminary report of this paper was presented 
at a symposium on “The Chemistry and Biology of 
the Pteridines” at the Ciba London, 
England, in March, 1954. 

Present address: Department of Medical Services 
of the Maimonides Hospital of Brooklyn and the 
Department of Medicine of the State University of 
New York College of Medicine at New York City, 
Brooklyn (Dr. Colsky); Department of Medicine, 
Mount Hospital (Dr. 
Public Health Service Hospital, (Dr. Warren). 

* References 2 through 7. 

+ References 1, 2, and 
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Foundation, 


Sinai Greenspan); U. S. 


through 8. 


of interference with folic acid metabolism is 
the appearance of macrocytic red blood cells 
in the peripheral blood and of megaloblasts 
in the bone marrow. t Suppression of ex- 
cretion of 1l-oxysteroids in the urine of pa- 
tients receiving amethopterin (4-amino-10- 
N-methylpteroylglutamic acid) or aminop- 
terin has also been reported. § 

In the course of investigating the effects 
of aminopterin and amethopterin in various 
neoplastic processes, we have treated seven 
children ill from acute leukemia with these 
compounds. || Five of these patients showed 
significant improvement in their hematologi- 
cal and clinical status. The hematological re- 
missions in these patients varied from im- 
provement in anemia, thrombopenia, and 
differential count in the peripheral blood 
to a return of the peripheral blood and mar- 
row to an apparently normal hematological 
status." Marked reduction in size of lymph 
nodes, liver, and spleen occurred one or 
more times in each of these patients. 

Three of these five patients in remission 
received continuous therapy with amethop- 
terin for periods of 9 to 12 months, while the 
remaining two received intermittent therapy 
with aminopterin or amethopterin over a 
period of about one year. Undesirable reac- 
tions, such as noted above, were induced at 
one or more times during the course of 
therapy in each of these patients. 

No detailed pathologic studies have been 
reported on children with acute leukemia re- 
sponsive to anti-folic-acid therapy. Rice men- 


t References 5, 7, and 9. 

§ References 10 and 11. 

|| The aminopterin and amethopterin used in this 
study were supplied by Dr. J. M. Ruegsegger, of 
Lederle Laboratories Division, American Cyanamid 
Company, Pearl River, N. Y. 
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tioned the devlopment of “marked scarring 
of the liver similar to that seen in cirrhosis” 
with leukemia 


Farber 


in four of several children 
treated with folic acid antagonists.’ 
has also observed the development of hepatic 
fibrosis in leukemic patients treated with 
these compounds. { 

In the five patients in whom we observed 
remissions of the after 
folic acid antagonist therapy, we noted the 
development of clinical and laboratory find- 


leukemic process, 


ings consistent with the diagnosis of hepatic 


cirrhosis. Postmortem examinations were 
performed in three of these five patients. 


In each autopsied case there was histological 


THERAPY 


IN LEUKEMIA 

liver, lymph nodes, and spleen enlarged thrice 
during this period but regressed in size each time 
after amethopterin therapy. Recurrence of enlarged 
liver and spleen and fever necessitated readmission 
on June 11. At this time the liver was 4 cm. below 
the costal margin, the spleen was 1 cm. below the 
costal margin, and pancytopenia was present. 

After treatment with 20 mg. of amethopterin over 
an eight-day period, the patient improved clinically 
and hematologically. Corticotropin in a total dose 
of 1,300 mg. was then administered over the follow- 
ing 28-day period, with further clinical improve- 
ment. 

The patient was discharged from the hospital but 
was readmitted on Aug. 25 because of return of 
lymphadenopathy, and fever. Treatment 
with 150 mg. of amethopterin over the following 
28-day period caused a decrease in the size of the 


anemia, 


Summary of Drug Dosage, Clinical Findings, and Blood Chemical Values in Patients 
with Hepatic Fibrosis 


Treatment 

, Me. 
Treatment 
Duration, 


Days 


— 
— 


Daily 
Dose 


Amethopterin R65 
Amethopterin 1057 
Amethopterin 2.5-5 2 237 
Aminopterin Unknown 
Amethopterin 5 - 525 
Amethopterin P 675 


S & 


evidence of hepatic fibrosis. This 
summarizes the clinical findings in each of 
these five cases and provides a description 
of the pathological changes found in the liver 


of the three patients who came to autopsy. 


report 


REPORT OF CASES 

Case 1.—The patient was a 5-year-old boy with 
acute lymphatic leukemia, admitted to the hospital 
on Feb. 6, 1951. The liver was enlarged 5 cm. 
below the costal margin, and the spleen was palp- 
able 2 cm. below the costal margin. 

Hematological examination and sternal marrow 
smear confirmed the diagnosis of acute leukemia. 

After a total dose of 33 mg. of amethopterin 
over a six-day period, the lever, spleen, and lymph 
nodes decreased rapidly in size and symptomatic and 
objective improvement was observed. 

Intermittent therapy with amethopterin was con- 
tinued over the following four-month period. The 
<nstimiiaabiniaian 


§ Farber, S.: Personal communication. 





Blood Chemistry 
Examinations on 
Final Hospital 
Admission 


Regressions 
Abdominal Col- 
lateral Venous 
? Ta Channels 
P _ Zine Sulfate 
ba ca & Turbidity, 
% ® Units 


- 


enlarged peripheral nodes, but reduction in liver 
size did not occur. 

On Sept. 26 the blood bilirubin was 7 mg. per 
100 cc., alkaline phosphatase 20 Bodansky units, and 
thymol turbidity value 10 units. The patient was 
admitted to the U. S. Public Health Service Hos- 
pital on Oct. 11. 

Generalized lymphadenopathy was present, and 
dilated veins were present over the anterior wall of 
a markedly protuberant abdomen. The liver was 
firm and extended 6 cm. below the costal margin. 

Laboratory Studies: Urea nitrogen 8 mg. per 100 
cc.; total protein 5.8 gm. per 100 cc., with albumin 
2.3 gm. per 100 cc. and globulin 3.5 gm. per 100 cc.; 
icteric index 36; thymol turbidity 37 units; zinc 
sulfate turbidity 55 units; serum bilirubin 6.42 mg. 
per 100 cc. 

During this final admission the patient was given 
amethopterin in a dosage of 5 mg. daily for a period 
of six days. After the sixth day of amethopterin 
therapy, the white blood count fell to a value of 550 
per cubic millimeter. No clinical improvement was 
noted, and the patient died on Nov. 13. 
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Fig. 1 (Case 1).—Liver section showing fibrosis. 
Romanowsky stain; reduced 34 from mag. x 980. 


\t autopsy the liver weighed 1,000 gm. and its 
surface was smooth and firm. On section, the paren- 
chyma was dark brown along the branches of the 
portal vein, with an exaggeration of the fat on the 
walls of these veins at the periphery of the liver. 
There were areas of a grayish yellow tissue infil- 
trating this fat. 


Microscopic examination demonstrated 
marked portal fibrosis, characterized by a 
leukemic infiltrate largely confined to the 
bands of connective tissue. Small proliferat- 
ing bile ducts were also found in the portal 
areas. Centrilobular areas were not greatly 
altered, although there was a slight fibrosis. 
srown pigment was prominent in parenchy- 
near the central vein. In occa- 
the 


metamorphosis could be observed. 


mal cells 
fatty 
A Van 


Gieson-stained section demonstrated the ex- 


sional central zones of lobules, 


tent of the fibrosis in the portal areas and, to 


a less degree, in the center of the lobules. A 


few fine fibrils were seen penetrating the 


lobules (Figs. 1 and 2). 
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Case 2.—A 4-year-old white boy was admitted 
to the hospital in February, 1950, because of as- 
thenia, fever, and Generalized lym- 
phadenopathy was present; the liver was palpable 
8 cm. below the costal margin, and the spleen tip 
was palpable on deep inspiration. 


ecchymoses. 


Hematological examination and sternal marrow 
smears confirmed the diagnosis of acute leukemia. 
regressed 
completely after treatment with aminopterin, and 
the patient appeared to be in clinical and hemato- 


The spleen, liver, and lymph nodes 


logical remission. 

Intermittent therapy with aminopterin was con- 
tinued from April to June, 1950. In the early part 
of August relapse of the patient’s disease appeared, 
Nov. 10 he readmitted for further 
treatment. 


and on was 

At this time there was generalized lymphade- 
nopathy, and the liver was found to be greatly en- 
larged, filling almost three-fourths of the abdomen. 
The spleen extended 6 cm. below the the left costal 
margin. 

Blood Chemical Examination : 
2.4 units; 
nitrogen 11 mg. per 100 cc.; 


Thymol turbidity 
zinc sulfate turbidity 5.9 units; urea 


uric acid 2.1 mg. per 


Fig. 2 (Case 1).—Liver section showing fibrosis 
and leukemic infiltration. Van Gieson stain; reduced 


25 from mag. x 980. 
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100 cc.; total protein 6.1 gm. per 100 cc., with 
albumin 3.1 gm. per 100 cc. and globulin 2.7 gm. 
per 100 cc. Sternal marrow examination revealed 
almost complete replacement of the marrow by 
blasts and immature lymphocytes. 


Amethopterin, in a dose of 5 mg. intramuscularly, 
was administered daily for nine days beginning on 
Nov. 13. Numerous blood transfusions of 250 cc. 
each were also given. Although there was a fall in 
the white blood count during the first few days, no 
evidence of clinical improvement appeared. There- 
fore, alpha-peltatin, a tumor-necrotizing derivative 
of podophyllum resin # intra- 
venously in a dose of 2 mg., on Nov. 22, and 3 mg., 
on Nov. 23, while the anti-folic acid therapy was 
continued. On Nov. 24, 1950, the liver and spleen 
were found to be markedly decreased in size and 
the white blood cell count was 900 per cubic milli- 
meter. 


was administered 


A sternal marrow examination on Dec. 29 showed 
an apparently normal marrow. Blood chemistry 
examination : total protein 6.7 gm. per 100 cc., with 
albumin 4.1 gm. per 100 cc. and globulin 2.6 gm. per 
100 cc.; thymol turbidity sulfate 
turbidity 3 units. Serum mucoprotein 101 mg. per 
100 cc.14 Urea nitrogen 9 mg. per 100 cc. 


1.9 units; zinc 


The patient was discharged on a maintenance dose 
of 5 mg. of amethopterin daily. 

On March 8, 1951, examination of the peripheral 
blood showed normal values. One month later the 
patient was readmitted because of increasing ab- 
dominal swelling. On examination the 
liver was large and firm and extended across the 
abdomen and down to the iliac crest. The spleen 
was palpable 6 cm. below the costal margin, and 


physical 


generalized lymphadenopathy was present. 

Blood Urea nitrogen 
18 mg. per 100 cc. ; total cholesterol 219 mg. per 100 
cc.; total protein 6 gm. per 100 cc., with albumin 
3.5 gm. per 100 cc. and globulin 2.5 gm. per 100 
cc.; alkaline phosphatase 14 Bodansky units; serum 
bilirubin 8.4 mg. per 100 cc.; thymol turbidity 1.8 
units ; 


Chernical Examination: 


zinc sulfate 5.8 units; prothrombin time 30% ; 
? 


serum mucoprotein 25.2 mg. per 100 cc. 

Therapy with amethopterin was continued, but 
no change in the spleen or liver size occurred. 
Dilated collateral venous circulatory channels ap- 
peared over the abdomen, and then ascites and 
edema of both lower extremities appeared. Rectal 
hemorrhoids were present. The ascites and collateral 
abdominal venous circulation increased during the 
next two weeks. 

On April 19 the patient developed dyspnea and 
cyanosis and died. 

On postmortem examination the gross findings 
revealed prominent superficial veins over the 


# References 12 and 13. 
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small hemor- 
enlarged and 
was hard but 


and abdominal areas and 
The liver markedly 
1,250 gm. surface 


thoracic 
rhoids. 
weighed 
smooth. 


was 


The 


Microscopic examination of the liver re- 
vealed the architecture to be markedly dis- 
torted by numerous fibrous strands that 
accentuated the lobules and gave the tissue 
a nodular appearance. An increase in con- 
nective tissue was found in the portal areas 
and communicated in such a way that all 
portal areas were connected, leaving the 
lobules of parenchymal tissue completely 
separate. By means of a Van Gieson stain 
preparation, the portal bands of connective 


tissue were seen to be composed of many 


fibrous strands, with finer fibrils penetrating 
into parts of the lobules. Enmeshed in these 
fibrous portal strands were proliferating bile 
capillaries, occasional lymphocytes, dis- 
tended blood capillaries, and macrophages 
filled with brown pigment. Leukemic in- 
filtrations were not noted anywhere. In the 
lobules many parenchymal cells contained a 
finely granular dark pigment, particularly 
in the peripheral areas. The sinusoids were 
not distended, although many contained red 
Kupffer cells filled with dark 
pigment were prominent. Central zones of 


blood cells. 


the lobules were slightly fibrotic and hyper- 
The 


findings in this case were considered highly 


emic but showed no marked changes. 


typical of early nodular cirrhosis (Figs. 3 


and 4). 


Case 3.—A 3-year-old white boy had skeletal 
pains and fever for several months. On Aug. 6, 
1951, a diagnosis of acute leukemia was made, The 
patient was admitted to the U. S. Public Health 
Service Hospital on Aug. 31. 

Examination revealed ecchymoses and generalized 
lymphadenopathy. The spleen was enlarged 10 cm. 
below the costal margin, and the liver was 1 cm. 
below the costal margin. 
Values: 
total protein 6.8 gm., with albumin 4.2 
gm. and globulin 2.6 gm. Alkaline phosphatase 10 
3odansky units; thymol turbidity 2.4 units; 
sulfate turbidity 3 units. 


Blood Chemical 
per 100 cc.; 


Urea nitrogen 16 mg. 


zinc 


Sternal marrow smear showed many blasts and 
lymphocytes, and the diagnosis of acute leukemia 
was confirmed. 

Amethopterin therapy in a dose range of 5 to 
7.5 mg. daily was initiated. Because of leucopenia, 


201 





Fig. 3 (Case 2).—Liver section showing fibrotic 
changes. Romanowsky stain; reduced 3% from mag. 
x 980. 


therapy with amethopterin was discontinued for four 
days and was then reinstituted. The spleen decreased 
in size, and the patient was clinically improved. 

On Oct. 25 the spleen was no longer palpable 
and the liver was palpable 1 cm. below the costal 
margin. The patient was discharged from the hos- 
pital on a maintenance dose of amethopterin of 7.5 
mg. daily. 

On Dec. 20 the liver was palpable 4 cm. belew the 
costal margin, and the spleen was 2 cm. below the 
costal margin. Because of the development of oral 


ulcerations, amethopterin was discontinued for 
three days and then resumed in the same dosage as 


before. 


The patient was readmitted to the hospital be- 
March 15, 1952. 
At this admission the liver and spleen were not 


cause of fever and malaise on 
palpable. 

Blood Chemical Examination: Bilirubin 2.4 mg. 
per 100 cc.; thymol turbidity 14 units; 
turbidity 18.3 units; 


and globulin 3.2 gm. 


zinc sulfate 
albumin 2.5 gm. per 100 cc. 
I 


Amethopterin dosage was increased to 7.5 mg. 
daily. The patient did not improve, and on April 9 


nasal 
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hemorrhage began, necessitating numerous 
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transfusions. One week later the liver was noted to 
be enlarging, and collateral venous channels ap- 
peared over the anterior abdominal wall, and ascites 
became apparent. 

On May 9 paracentesis was performed and 2,500 
ce. of straw-colored fluid was removed. Therapy 
with phenylbutazone (Butazolidin), in a dosage of 
800 mg. daily, was instituted on May 14. The tem- 
perature fell to normal levels, and the patient ap- 
improved. On June 1 


peared respiration ceased 


suddenly. 

4,000 cc. of clear 
straw-colored fluid was present in the abdominal 
The weighed 840 gm. 
rubbery consistency when cut. 


At postmortem examination 


cavity. liver and had a 

On microscopic examination the liver had 
a markedly distorted architecture. Lobules 
were poorly defined ; central vein areas were 


difficult to recognize because of the marked 


degree of change in that portion of all the 


lobules. Round nodules or subdivisions of 
lobules containing hyperplastic or regenerat- 


ing liver tissue further distorted the lobular 


Fig. 4 (Case 2).—Liver section demonstrating 
fibrotic changes. Van Gieson stain; reduced % from 
mag. x 980. 
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demonstrating 
stain; reduced 35 


Liver section 
Romanowsky 


Fig. 5 (Case 3) 
fibrotic changes. 
from mag. X 980. 


the centrilobular areas there 
was some degeneration and necrosis of liver 


pattern. In 


cells. Fatty metamorphosis in some of these 
areas was a prominent and distorting fea- 
ture. There was some bile stasis, with 
brown granular pigment in many parenchy- 
mal cells, but no plugged capillaries were 
noted. Proliferating bile capillaries were 
plentiful and were scattered throughout the 
lobules, as well as in the portal areas. The 
fibrous strands, as seen in the Van Gieson 


stain, had no consistent relation to the portal 


areas. Many connective tissue bands pene- 


trated through lobules, occasionally con- 
necting with fibrotic and necrotic central 
vein areas. These fibrous bands were light 
and rather small. Occasional fibrils were 
seen penetrating the lobule between cords of 
parenchymal cells (Figs. 5 and 6). 

Case 4—A boy until 
Jan. 1, 1951, at which time he complained of sore 


throat and fatigue. Generalized lymphadenopathy, 


34-year-old was. well 
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together with an enlarged liver and spleen, was 
noted. A diagnosis of acute lymphatic leukemia was 
made after examination of the sternal marrow. 

Amethopterin therapy was started on Jan. 18, 
in a dose of 5 mg. daily. 

On Feb. 15 the liver edge was no longer palpable 
but the spleen tip was just palpable at the costal 
margin. The patient was in clinical and partial 
hematological remission. He was discharged from 
the hospital on maintenance amethopterin therapy, 
in a dosage of 5 mg. daily. 

In the latter part of June, relapse appeared. The 
liver was enlarged 8 cm. below the costal margin, 
and the spleen was 8 cm. below the costal margin. 

Blood Chemical Examination: Urea nitrogen 9 
mg. per 100 cc.; total protein 6.5 gm., with albumin 
3.9 gm. per 100 cc. and globulin 2.6 gm. per 100 cc. ; 
phosphorus 4 mg. per 100 cc.; alkaline phosphatase 
2.86 Bodansky units; bilirubin 2.5 mg. per 100 cc.; 
thymol turbidity 13 units; cholesterol 168 mg. per 
100 cc. ; zine sulfate turbidity 12 units. Pancytopenia 
was present. 

The abdomen became markedly distended with 
fluid, and edema of both lower extremities also ap- 


Fig. 6 (Case 3).—Liver section showing fibrotic 
changes. Van Gieson stain; reduced 35 from mag. 
x 980. 





peared. Erythema of the thenar and hypothenar 
areas of the hands was noted. 

On July 23, blood chemistry values: thymol 
turbidity 12.4 units; zinc sulfate turbidity 21 units; 
albumin 2.4 gm. and globulin 3.6 gm. per 100 cc., 
urobilinogen 3+ in urine; blood urea nitrogen 10 
mg. per 100 cc. 

The patient’s condition became worse, and he 
died in August. Consent for autopsy was not ob- 
tained, 

Case 5.—A 7-year-old girl was admitted to the 
U. S. Public Health Service Hospital on Oct. 16, 
1950, for treatment of acute leukemia. 

On physical examination the liver and the spleen 
were 6 cm. below the costal margin. Ecchymoses, 
petechiae, and lymphadenopathy were present. 

On Oct. 18 treatment with amethopterin, in a 
dosage of 5 mg. daily, was started. The spleen and 
liver receded in size, so that by Oct. 30 neither was 
palpable. Examination of the peripheral blood re- 
vealed a return toward normal values. 

Sternal marrow aspiration on Nov. 13 was re- 
ported as follows: “Marrow smear, obtained after 
amethopterin therapy, does not show the pattern of 
acute leukemia and appears apparently normal.” 

The patient was discharged from the hospital on 
Nov. 15, on a maintenance dosage of amethopterin. 

In May, 1951, the spleen was markedly enlarged 
and the liver was palpable 4 cm. below the costal 
margin. 

Urea nitrogen 11 mg. 
per 100 cc.; total protein 6.4 gm. per 100 cc., with 
albumin 3.9 gm. and globulin 2.5 thymol 
turbidity 5.1 units; 
bilirubin 1.26 mg. per 100 cc. 


Blood Chemistry Values: 


gm. ; 


zinc sulfate turbidity 7.5 units; 


The liver became progressively larger, and ascites 
and collateral abdominal venous channels appeared. 
zinc sulfate 
thymol turbidity 11.7 units; 
; serum bilirubin 1.74 mg. per 


On June 9, blood chemistry values: 
turbidity 14.1 units; 
prothrombin time 32% 
100 cc.; urea nitrogen 14 mg., total protein 6.9 
gm., with albumin 3.6 gm. and globulin 3.3 gm. 
and mucoprotein 8 mg.'* 

Examination on June 12 revealed the spleen to be 
4 cm. below the costal margin and the liver 8 cm. 
below the costal margin. Except for the apparent 
development of hepatic fibrosis, the patient appeared 
clinical and 


to be in a remission. 


However, she died in August after a severe hemor- 


hematological 


rhage. Permission for autopsy was not obtained. 


COMMENT 
No single factor appears to explain satis- 
factorily the etiology of the hepatic fibrosis 
occurring in these children receiving pro- 
anti-folic-acid acute 


longed therapy for 
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leukemia. It is possible that these fibrotic 
changes may be due to a tissue reaction to 
removal of the abnormal leukemic cells as a 
result of therapy. Dissolution of these leu- 
kemic infiltrates which characteristically oc- 
cur in the portal areas could leave areas of 
injury, which are later replaced by fibrous 
tissue. 

Since all the patients in our series re- 
ceived numerous blood transfusions, the pos- 
sibility of such hepatic changes occurring as 
the result of earlier homologous serum 
hepatitis must also be considered. None of 
these patients developed clinical or labora- 
tory signs of hepatitis during the course of 
their illness, and so this was not considered 
as a likely cause of the hepatic fibrosis. 

A third possibility considered is that the 
folic acid antagonists, by virtue of their in- 
terference with normal metabolic systems, 
may induce changes in the liver which stimu- 
late the development of hepatic fibrosis. The 
folic acid antagonists have been reported to 
interfere with choline, betaine, and methio- 
nine metabolism.* Experiments conducted 
in animals given nutritionally deficient diets 
indicated that changes may be induced in 
the liver which will eventually lead to the 
production of hepatic fibrosis.+ The histo- 
logical changes noted were the accumulation 
of fat globules in the liver cells and, later, 
the diffuse 
through the 


spread of the lipid material 


liver parenchyma. As_ the 
changes progressed, strands of fibrous tissue 
became evident throughout the liver pa- 
renchyma. Addition of choline to the diet 
caused reversion of the fatty changes in the 
liver, but the fibrosis remained. { It is con- 
ceivable that interference with utilization of 
normal metabolites may cause changes in the 
human liver similar to those seen in experi- 
mental animals on low-protein low-choline 
diets. In a series of 50 adult patients with 
solid tumors, many of whom were treated 
with prolonged administration of aminop- 
terin or amethopterin, changes of hepatic 


* References 15 and 16. 
+ References 17, 18, and 19. 
tReferences 17 and 19. 
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fibrosis in the liver were not observed.’ The 
administration of large doses of anti-folic- 
acid compounds over long periods of time, 
therefore, does not appear to be a sufficient 
cause per se for the development of hepatic 
fibrosis, at least in adults. 

Since these hepatic changes have been 
noted by us only in children with acute leu- 
kemia, it is likely that a combination of 
mechanisms is required for the development 
of hepatic fibrosis. In all cases reported it 
could be presumed that the liver was rapidly 
being infiltrated by leukemic cells, which 
tend to occupy the portal spaces. With the 
onset of a remission of the disease process 


induced by the antimetabolites, there was de- 
crease in liver size, which indicated a de- 
crease in number of the invading neoplastic 


cells in the liver. Removal of these cells may 
Con- 
anti-folic-acid 
drugs and interference with normal meta- 
bolic processes might further interfere with 


leave small areas of hepatic injury. 
tinuous administration of 


normal repair processes following this par- 
tial collapse of the liver stroma, and a 
greater and more diffuse fibrosis might be 
induced. 

In addition, the possible factor of the 
greater susceptibility of the liver in young 
patients to metabolic antagonists of essen- 
tial nutrients may have also played a part 
in the production of these fibrotic changes. 


SUMMARY 
Five of seven children ill with leukemia 
developed significant remissions of the dis- 
ease process after treatment with aminop- 
terin or amethopterin. 

In these five children laboratory and clini- 
cal signs of hepatic fibrosis appeared after 
prolonged therapy with anti-folic-acid com- 
pounds. On postmorten examination of 
these patients there was histological evidence 
of extensive hepatic fibrosis. 

The 


changes are not known. It is suggested that 


etiological factors causing these 


a combination of factors—hepatic injury 
following the dissolution of leukemic infiltra- 
tion in the liver by treatment, failure of 
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normal healing to take place because of inter- 
ference with utilization of normal metabo- 
lites, and a greater susceptibility of the liver 
of young patients to metabolic antagonists— 
may have resulted in the development of the 
hepatic fibrosis. 
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YALINE membranes in the newborn 
H infant were recognized by Hoccheim ' 
in 1903 and were first described the 
United States by Johnson? in 1923. Spo- 
radic studies have appeared since in the 


in 


literature, but only in recent years has hya- 


line membrane with atelectasis attained the 
prominence it deserves as a cause of neonatal 
death. For example, Potter* stated: “It 
was present as the only pathological change 
in 40% of all infants weighing from 1000 to 
2500 grams who died between 1939 and 1949 
at the Chicago-Lying-In Hospital.” Miller 
and Jennison* reported that hyaline mem- 
brane disease was the cause of death in 90% 
of the infants weighing over 1000 gm. who 
were born alive yet died during the first 48 
hours of life if one eliminates those who had 
clinically recognized defects or disease and 
those whose mothers had a serious complica- 
tion of pregnancy. In a review of the litera- 
ture, Tran-Dinh-De and Anderson *® found 
that in 2469 autopsies of liveborn infants 
weighing over 1000 gm., 21.3% had pul- 
monary hyaline-like membranes. It has been 
estimated that 25,000 infants die yearly in 
the United States as a result of this entity. 

Clinically, the condition characteristically 
occurs in premature infants, in those de- 
livered by Caesarean section,® and in infants 
of diabetic mothers. In many instances, after 
a brief period of 
—ngetieanenen. 
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apparent well-being the 
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infant develops sternal retraction, respiratory 
distress, and cyanosis, which may be inter- 
mittent at first but later is constant and 
becomes progressively severer. We have ex- 
amined the clinical records and courses of 
47 newborn infants who had an autopsy diag- 
nosis of hyaline membranes during 1951, 
1952, and 1953 at the John Gaston Hospital, 
and, in our experience, the period of “ap- 
parent normalcy” during the first hours of 
life of these infants is not well defined, as 
Miller and Jennison * have previously noted. 
Death occurred between 2 and 36 hours in 
If the infant survives 48 hours 
after birth, recovery is the rule, unless the 


our cases. 


situation is complicated by pneumonia, which 


> in this condition. 


often leads to death ‘ 

The histological description of the lungs 
by Johnson and Meyer? (in 1925) has not 
been altered appreciably in subsequent re- 
ports. The terminal portion of the respira- 
tory segments of the lungs, the alveolar 
ducts, and the atria are “lined” by a granu- 
lar eosinophilic hyaline-like material, and 
the intervening parenchyma is atelectatic and 
markedly congested (Fig. 1). The conges- 
tion has been emphasized by Potter,* Farber 
and Wilson,* and others, as responsible for 
the red-purple appearance characteristic of 
the lungs at autopsy. 

The numerous studies on the etiology and 
pathogenesis of pulmonary hyaline mem- 
branes have been analyzed by Tran-Dinh-De 
and Anderson ® in their comprehensive re- 
view of the subject. Histochemical studies, 
to be discussed below, failed to identify the 
specific nature of the material or to indicate 
its source. + The significance of intrauterine 
respiratory-like movements of the fetus in 
the pathogenesis of this condition has been 
widely discussed, but no relationship has 


* References 8 and 9. 


+ References 8 through 12. 





been established.'® Experimental reproduc- 
tion of the condition has been attempted, 
utilizing many methods, the most successful 
of which being cervical vagotomy t and 
oxygen poisoning.’*® Though hyaline-like 
membranes may be produced by the above 
methods, these membranes are not associated 
with the widespread atelectasis characteristic 
of the condition in the human.° 

The source of the hyaline material has 
been the subject of lively debate. The sug- 
gestion that it is derived from aspirated 
epidermal cells and fat appears to have been 
disproved. § Rosenthal,** in 1935, gave the 
condition the 
Tregillus,? 


name “desquamative anaer- 


® in 1951, revived this con- 


Osis.” 


cept, using the term “asphyxial membrane,” 


Fig. 1—Hyaline membranes in the newborn in- 
fant. The hyaline material is closely applied to the 
walls of the alveolar ducts and atria. The alveoli 
are collapsed. Hematoxylin and eosin; reduced 4 
from x 300. 


and attributed it to necrosis and hyaliniza- 
tion of bronchiolar epithelium. It is clear 
that those who have investigated the condi- 
tion may be separated into two diametrically 
(1) 


feel, as did Ahvenainen *' and Blystad and 


opposed groups as follows: those who 
co-workers,” that it results from aspiration 
of amniotic fluids and (2) others, such as 
Miller and Jennison,* who maintain that it 
is derived from the circulating blood. Con- 
sequently, the problem at present focuses on 
the demonstration of the source of the hya- 
line material seen in the lungs of newborn 
infants. 


t References 14 and 15. 
§ References 17 and 18. 
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A. M. A. ARCHIVES OF PATHOLOGY 
Largely ignored have been anatomical 
studies upon the respiratory segment of the 
lung. The recent investigation of Low || 
demonstrating by electron microscopy the 
presence of a basement membrane, charac- 
terized by him as “epithelial,” in the terminal 
portions of the respiratory segment of the 
lungs in animals and humans, may be ex- 
pected to shed new light upon this compli- 
cated problem. Low’s concept, not previ- 
ously accepted by leading investigators,] 
confirms the work of a number of workers, 
such as Miller ** and Sprunt and others.# 
The present investigation concerns his- 
tological and histochemical made 
upon the respiratory segment of lungs of 


studies 


newborn infants dying with pulmonary hya- 


line membranes and on those of infants and 
children dying with other conditions, as out- 
lined below. 


MATERIAL AND METHODS 


The following autopsy cases were selected for 
study: (1) 10 newborn infants with hyaline mem- 
branes; (2) an 8-year-old girl with rheumatic fever ; 
(3) a 3-month-old boy with bronchopneumonia; (4) 
a 2180 gm. premature infant who died 20 minutes 
after breech delivery; (5) a 1010 gm. premature 
infant who died suddenly at the age of one day, and 
(6) a 1250 gm. stillborn male infant, with pre- 
mature separation of the placenta. 

The lungs were fixed in 10% formalin and proc- 
essed in the usual manner, with the exception of 
those sections used for acetylation studies, which 
were fixed in chilled acetone. The following stain- 
ing techniques were used: (1) hematoxylin and 
acid-Schiff reagent reaction 
(P. A. S.),27 (3) the Ritter and Oleson technique 
(R. and O.), (4) P. A. S. after malt diastase diges- 
tion, (5) Wilder’s silver stain, (6) phosphotungstic 


eosin, (2) periodic 


acid-hematoxylin stain, (7) the MacCallum stain, 
(8) toluidine blue stain, (9) the Feulgen reaction, 
(10) the Millon reaction, (11) 
technique of McManus,?* and (12) Sudan IV stain. 


the acetylation 


Examination of the tissues was done with an 
ordinary light microscope, using at times a magni- 
fication at about the limit of its resolving power 


(x 1,649). 


|| References 21 and 22. 

{ References 23 through 25. 

# Sprunt and others, in Pulmonic Alveolar Epi- 
thelium.?* 
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RESULTS 

l. Histochemical Studies on Hyaline 
Membranes.—Our results confirm the pre- 
vious reports that fat is present in some, but 
not all, hyaline membranes in the newborn 
infant and would seem to be of no signifi- 
cance.* 
that Although occasional 
small fragments of material within the mem- 
brane are found in the Feulgen reaction, 
deoxyribose nucleic acid is not a consistent 


The MacCallum stain demonstrates 


it is not fibrin. 


component of the material. The membranes 
are not metachromatic, indicating that, if 
hyaluronic acid is present, it is in a depoly- 
merized form. That protein is a major con- 
stituent is indicated by the Millon reaction. 
The material is strongly positive with the 
periodic acid-Schiff reagent stain (P. A. S.), 
generally accepted as indicating the presence 
of polysaccharides, but this stain is in no 
sense a specific histochemical test. Accord- 
ingly, we felt that more accurate identifica- 
tion of the polysaccharides was indicated. 
Sections were incubated with malt diastase, 
which was found to have no effect upon the 
P. A. S. staining of the hyaline membranes 
while abolishing the staining of bronchiolar 
cells and the squamous cells in the aspirated 
vernix. Not only does this demonstrate that 
glycogen is not a constituent of the hyaline 
the but it 
provides another distinguish 


a 


* References 4 and 16 through 18. 


membranes in newborn infant, 


method to 


Fig. 2—Rheumatic fever. The epithelial lining is 
shown clearly, especially where it is detached from 
the capillaries of the septae due to shrinkage during 
fixation. Wilder’s silver stain; reduced % from 

1200 


INFANTS 


Fig. 3—Premature infant, weighing 2,180 gm., 
died 20 minutes after breech extraction. The epi- 
thelial lining may be seen coursing parallel to the 
basement membrane of a capillary loop and con- 
tinuing beyond the end of the loop. An epithelial 
cell is seen in continuity with the epithelial lining 
membrane. Wilder’s silver stain; reduced 14 from 

1300. 
hyaline membranes from aspirated vernix, 
which, to our knowledge, has not been pre- 
viously described. 

The acetylation technique of McManus ** 
has been used to distinguish carbohydrates 
containing 1,2-glycol linkages from other 
P. A. S.-positive substances by blocking the 
hydroxyl groups and preventing the forma- 
tion of aldehydes which are stained by the 
Schiff reagent. When this technique is ap- 
plied to hyaline membranes in the newborn 
infant, they are no longer stained by the 
P. A. S. method, indicating that the carbo- 
hydrate present is one with a 1,2-glycol 
linkage. 

2. Lungs of Infants and Older Children 
Dying with Conditions Other Than Hyaline 
Membranes.—lIt is well recognized, as shown 
by Miller *° 


pathological 


and Sprunt,7 that in certain 


conditions there becomes ap- 


parent in the respiratory segment of the 
lung a lining or basement membrane, dem- 
onstrated in our case of rheumatic fever 
(Fig. 2). 


obtainable with our light microscope, we 


With the highest magnification 


were able to demonstrate a similar, although 
less conspicuous, basement membrane in each 
of the six types of cases studied (which are 
listed above). This basement membrane can 
be seen distinctly as separate from the capil- 
lary walls in the alveolar ducts and atria, 


a 
+ Sprunt, in Pulmonic Alveolar Epithelium.** 
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extending in a continuous fashion through- 
out the respiratory segment overlying the 
highly vascular parenchyma (Fig. 3). Con- 
tinuity with alveolar lining cells also may be 
demonstrated, although these in no sense 
constitute a continuous cellular layer over 


the basement membrane. 

3. Lungs of Newborn Infants Dying with 
H yaline Membranes.—lIn these lungs a base- 
ment membrane was again demonstrated. 
With the Ritter and Oleson stain this lining 
is dark blue, in contrast to the reddish-pink 
hyaline material. It became apparent early 
in this study that, in many instances, the 
hyaline material was present within, or be- 
neath, this lining. One can trace the con- 
tinuous blue-staining element, which we have 
characterized as the alveolar basement mem- 
brane, in apposition with the endothelial 
basement membrane of the capillary walls, 
also staining blue and appearing as loops 
with arcs of varying sizes. A minimal 
amount of pink-staining material then ap- 
pears between the two membranes, both in 
a segmental distribution and diffusely (Fig. 
4). 
least portions of the outer membrane, and 


This increases in amount, elevates at 


separates it from the capillary walls, so that 
the endothelial and alveolar basement mem- 
branes may be separated by as much as 10 
to 50 “ or more, (Figs. 5 and 6). However, 


it is apparent that, as the accumulation of 


Fig. 4—Hyaline membranes in the newborn in- 
fant. This represents an early state in the develop- 
ment where small, more or less focal accumulation 
of the material may be seen lying over the capillary 
loops and, in turn, being overlain by at least part 
of the epithelial membrane. Ritter and Oleson stain ; 
reduced 4 from x 1300. 
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Figs. 5 and 6.—Hyaline membranes in the new- 
born infant. A more massive accumulation of ma- 
terial is seen here, with both overlying epithelial 
membrane and underlying capillaries well demon- 
strated. Ritter and Oleson stain; reduced “% from 

1300 


the material becomes excessive, the outer 
element is fragmented, so that a continuous 
layer over the massive hyaline accumulations 
is not always present. It is in such cases 
that squamous cells may be found within 
the hyaline material, but in no instance in 
the 


observed when the basement membrane over 


cases studied was such an admixture 


the hyaline material was intact. The time 
sequence in the formation and size of the 
membrane is not directly correlated with 
the duration of the disease, insofar as we can 
determine. 

COMMENT 


Histochemical studies, although not com- 
pleted, have failed thus far to indicate the 
exact nature, or the source, of the hyaline 
substance present in hyaline membranes of 
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the newborn infant. It is accepted that the 
primary constituents are proteins and. car- 
bohydrates. We have been able to show that 
the carbohydrate (or polysaccharide) moiety 
contains a 1,2-glycol linkage. Malt diastase 
digestion not only demonstrated the absence 
of glycogen in the hyaline material but 
proved to be a method of distinguishing it 
from aspirated vernix. 


The presence or absence of an epithelial 


lining in the respiratory segment of normal 
human lungs has been a disputed subject 


since its presence was first asserted by von 
Kolliker.*” 
proponents of opposing views so adamant 
in their stands. 


In few fields of histology are the 


Among those who contend 
that such a structure exists have been Mil- 
ler,** Bremer,t Sprunt,§ Bensley and 
Prominent 


the opponents have been Loosli, Adams, and 


Bensley,*® and others. among 
Thornton ** ; Palmer || ; Fried,{ and, recently, 
Potter Potter * epitomized 
the view of the latter school of thought in 


and Loosli.** 
the statement, ‘““The walls of the alveoli are 
composed of capillaries, a fine network of 
elastic fibers and very few connective tissue 
While it may be admitted that this 
situation could be assumed because of the 


cells.” 


specialized function of the capillaries of the 
lung, such a situation would be unique, for 
nowhere else in the body are capillaries 
found in direct contact with open space 
which is either air- or fluid-containing. 
Recently, Low,” utilizing electron micros- 
copy, demonstrated the presence of such a 
structure as we have described, to which he 
In his 


opinion, the cytoplasm of the epithelial cells 


referred as “pulmonary epithelium.” 


becomes attenuated to form a complete lin- 
ing of the alveolar wall, just as attenuation 
of the cytoplasm of the endothelial cells 
forms the wall of the capillaries, e. g., the 
capillary basement membrane. In a more 
stated that 
the same situation was found in the lungs of 


recent communication, Low ** 


rabbit, guinea pig, dog, and human. 


A 
t Bremer, in Pulmonic Alveolar Epithelium.*4 
§ Sprunt, in Pulmonic Alveolar Epithelium.?4 
|| Palmer, in Pulmonic Alveolar Epithelium.*4 


{ Fried, in Pulmonic Alveolar Epithelium.*4 
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We do not propose to enter into a debate 
as to whether or not the alveolar lining cells 
are of an “epithelial” nature. That they exist 
is beyond doubt. The essential feature of 
this discussion is that there does exist a lin- 
ing basement membrane in the respiratory 
segment of the lung and that Low’s sugges- 
tion that it represents an “attenuation” of 
the lining cells seems plausible. 

The objection may be raised that the 
basement membranes shown in our illustra- 
tions are more prominent than those which 
Low illustrates. This, of course, must apply 
to both the alveolar and endothelial mem- 
branes, which, in our cases, are of approxi- 
mately the same magnitude. We feel that it 
is not possible to compare these structures 
as seen in animals and adults to those of 
premature children. 

As Jones * pointed out in his studies on 
there exists 
throughout the body a fundamental capillary- 
relationship, in 
which epithelium lying against connective 
tissue has a basement membrane 
tween this epithelial basement membrane 


human  glomerulonephritis, 


connective-tissue-epithelial 
and_be- 


and the capillary basement membrane con- 
nective substances (ground substance and/or 
the products thereof) are present. We feel 
that the existence of this same fundamental 
relationship in the human lung has been re- 
vealed 

Inasmuch as reported studies on hyaline 
membranes in lungs of newborn infants 
generally have accepted the opinion of those 
who contended that lining cells and a base- 
ment membrane did not exist in the respira- 
tory segment of the lung, our findings may 
be of significance in the pathogenesis of this 
condition. As pointed out, attention was 
focused on the source of the hyaline material, 
specifically, whether it is exogenous or en- 
dogenous in origin. 

We feel that the present study has indi- 
cated that, in the cases studied, the material 
is endogenous in origin, because of its loca- 
tion beneath the respiratory basement mem- 
brane. There are, then, the following pos- 
sibilities : 1. The material is derived from the 
blood stream, presumably as a result of capil- 
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lary damage. 2. A second possibility, and 
one which should be considered seriously, is 
that the basement membrane itself, represent- 
ing a continuation of the cytoplasm of the 
lining cells, may undergo alterations, so that 
the hyaline membranes actually represent a 
change within the basement membrane. 3. 
Finally, changes may occur in the connective 
substances between the two basement mem- 
branes to produce the accumulation of hya- 
line material. 
SUMMARY 


A basement membrane lines the respira- 
tory segment of the human lung which may 
be distinguished from the capillary basement 
membrane. Between the two there is a con- 
nective tissue space. 

In hyaline membranes in the newborn 
infant the offending material may be found 


beneath this basement membrane. 


It is believed that this indicates the endog- 
enous origin of the material, which (1) may 
be derived from the blood stream, (2) may 


represent a change within the respiratory 
basement membrane, or (3) may represent a 
change in the connective tissue substances 
between the 


two membranes. 


Mr. John Dickson prepared the photographic 
illustrations. 
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News and Comment 


GENERAL NEWS 


Course on Parasitic Infections.—A short intensive course on the laboratory diagnosis and 
pathology of parasitic infections will be presented Aug. 15-27, 1955, at the Louisiana State Uni- 
versity School of Medicine, New Orleans. 

The course is designed primarily for pathologists and technologists. However, general 
practitioners, internists, pediatricians, gastroenterologists, and physicians engaged in the practice 
of public health and tropical medicine who are interested in the laboratory diagnosis of parasitic 
infections are welcome to attend. The instruction and training will be of assistance to patholo- 
gists who are preparing for board examinations, to pathologists and physicians who are 
responsible for the diagnosis of parasitic infections in their laboratories, and to technologists 
engaged in this specialty. 

The course will include lectures, extensive demonstrations, films, and supervised individual 
laboratory study. Emphasis will be placed upon the practical aspects of laboratory diagnosis of 
common parasitic infections, including training in stool examination and stool concentration 
techniques. Abundant material from patients with parasitic diseases endemic in this area will be 
available for examination. Comprehensive slide sets containing parasitic organisms in tissue 
of Microbiology, Louisiana State University School of Medicine, 1542 Tulane Ave., New 
Orleans 12. 

Registrants should bring their microscopes, equipped with mechanical stages, and their micro 
scope lamps. A limited number of places will be available. The fee for the course is $50. 

Persons interested in attending this course may write to Dr. Clyde Swartzwelder, Department 
sections will be studied. Library facilities are available. The medical school building is air con- 
ditioned. 


PERSONAL 


Dr. Boyd Visiting Professor at Ohio State——Dr. William S. Boyd served as Visiting 
Professor of Pathology at Ohio State University College of Medicine during January, 1955. 


Appointment for Dr. Lewis Thomas.—Dr. Lewis Thomas, formerly professor of 
pediatrics and internal medicine, University of Minnesota Medical School, has been appointed 
Chairman of the Department of Pathology, New York University-Bellevue Medical Center. Dr. 
Thomas replaces Dr. W. C. Von Glahn, who has recently retired. 





PLASMA SPECIFIC GRAVITY CHANGES 


Observations with Specific Reference to Drowning 


HENRY C. FREIMUTH, Ph.D., Baltimore 

and 

HENRY E. SWANN Jr., M.S., Army Chemical Center, 
Md. 


N A RECENT article’ a study of the 

blood changes in a number of human 
drowning deaths was reported. In that study 
comparison was made of blood from the left 
and right atria, and the following determina- 
tions were made: whole-blood chloride, 
plasma chloride, hematocrit, plasraa specific 
gravity, hemoglobin, sodium, potassium, and 
total protein. These determinations were 
made blood 39 human 


drowning deaths and from 10 additional per- 


on obtained from 
sons whose deaths were due to causes other 
than drowning. It was concluded from this 
study that the diagnosis of death due to 
drowning based on the difference between 
whole-blood or plasma chloride concentra- 
tions in the left and right atria, as reported 
by Gettler,? is less reliable than a diagnosis 
based on the determination of plasma specific 
gravity difference in the two sides of the 
heart. In all of the 39 drowning deaths re- 
ported, the specific gravity of the left atrial 
plasma was less than that of the right atrial 
plasma, while the reverse condition prevailed 
in the 10 nondrowning deaths. 

Because of the relatively few control cases, 
as well as drowning cases, reported in the 


above study, it was decided to investigate 


further the difference in plasma specific grav- 


From the Office of the Chief Medical Examiner, 
State of Maryland, and the Department of Legal 
Medicine, University of Maryland School of Medi- 
cine and College Physicians Surgeons 
(Dr. Freimuth), and Chemical Medical 
Laboratories (Mr. Swann). 
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ity of the left and right atria in additional 
drowning deaths and in a larger group of 
control cases involving deaths from a variety 
of causes. 

After making determinations in several 
control cases, we encountered a death due 
to brain injury in which the specific gravity 
of the left heart plasma was lower than that 
of the right. The difference (left-right) was 
—0.0005. This case is listed as Case 247 in 
Table 2. However, it was observed that the 
right heart plasma was hemolyzed to a 
greater degree than that of the left atrium. 
Hemoglobin determinations on the two sam- 
ples by the benzidine procedure * showed 
510 mg. per 100 ml. in the right heart plasma 
and 280 mg. per 100 ml. in the left heart 
plasma. The specific gravity of plasma, as 
determined by the falling drop method * or 
the copper sulfate method,°® may be corrected 
for the contribution to it of hemoglobin re- 
sulting from hemolysis by subtracting one 
unit from the fourth decimal place for each 
10 mg. per 100 ml. of hemoglobin. This cor- 
rection was made in the cited case, resulting 
in a difference of left heart gravity minus 
right heart gravity of + 0.0018. 

The above observation having been made, 
the cases first reported’ were reevaluated. 
Corrections were made in these cases for the 
effect of hemoglobin on the specific gravity. 
The original and corrected values are shown 
in Tables 1 and 2, in which the cases are 
designated by numbers from 1 to 100. The 
cases designated by numbers greater than 
100 are the newly considered ones. 


COMMENT 

As originally reported, the diagnosis of 
drowning was based upon the algebraic dif- 
ference between the specific gravity of left 
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Tas_e 1.—Plasma Specific Gravity Differences in Human Deaths by Drowning* 


Hemoglobin, 
Specific Gravity Mg./100 Ml. Corrected Specific Gravity 
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1.0822 1.0841 j Sais 298 1.0811 
1.0342 1.0364 é - ee gheces eocees caecuned 
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L indicates left atrium; R, right atrium. 





TABLE 2.—Plas 


ma Specific Gravity Differences in Human Cases of Sudden Death* 


I 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
1 
1 
1 
1 




















Specific Gravity 
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1.0846 
1.0302 
1.0808 
1.0878 
1.0883 
1.0340 
1.0292 
0815 
0333 
0860 
0283 
0340 
0850 
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0309 
0820 
0835 
0840 
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095 
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0331 
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1.0862 
1.0236 
1.0308 
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* L indicates left atrium; R, right atrium. 
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Hemoglobin, 
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PLASMA SPECIFIC GRAVITY 
atrial plasma and right atrial plasma. If this 
value, left-right, was negative, it was con- 
cluded that had occurred. If 
drowning had not been the cause of death, 
a positive value was obtained. As indicated 
in Table 1, all the drowning cases first re- 


drowning 


ported’ continue to show negative values 
when corrections are applied for the hemo- 
globin present in the plasma. However, as 
shown in Table 2, when a similar correction 
is applied to the 10 controls reported in the 
first paper, 3 of these give values indicative 
of drowning. Of the remaining seven, hemo- 
globin values were available in only four 
cases. Upon application of the corrections to 
these four, three gave more positive values 
for the specific gravity difference than had 
been previously calculated. 

Of the newly considered cases (those 
numbered above 100) all the drownings in 
Table 1 show a negative specific gravity dif- 
ference after correction for hemoglobin. 
However, such a correction is not necessary 
in all instances. If a negative difference is 
found and the left atrial plasma exhibits more 
hemolysis than that of the right atrium, cor- 
rection for hemoglobin would only make the 
difference increasingly negative and there- 
fore is not deemed essential for diagnostic 
purposes. When a very low negative value, 
such as that shown in Case 105, is obtained, 
it is deemed essential to have accurate hemo- 
globin values for the two plasma samples. 

Case 124 represents that of a young boy 
who became exhausted while swimming and 
whose body was subsequently recovered 
from the harbor. The direct specific gravity 
determinations indicate a nondrowning, with 
a low positive value of + 0.0004. Upon 
application of the correction for hemoglobin, 


this difference becomes —0.0004. 


Of the 80 control cases listed in Table 2, 
corrections for hemoglobin were made in 
40. Twelve of these resulted in a change in 
the algebraic sign, with 6 changing from 
negative to positive and 6 from zero or posi- 
tive to negative. Thus, 45 of the control cases 
remain with negative specific gravity differ- 
ences even after correction. Hence a negative 


CHANGES—SUDDEN 


DEATHS 


value, per se, is not conclusive indication of 
a drowning death, but the finding of a posi- 
tive difference after correction for any hemo- 
globin released by hemolysis would definitely 
prove nondrowning. 

It is probable that the lowered plasma 
specific gravity of the left atrial blood in 
drowning deaths is due, in varying degree, to 
hemodilution by water in which the drown- 
ing occurs. However, it is a matter of spec- 
ulation to explain the differences between 
the specific gravities of the plasma from the 
two sides of the heart in the control or non- 
drowning deaths. We have found no absolute 
correlation between the magnitude of this 
difference age, color, lung-heart 
weight ratios, or postmortem interval. We 


and sex, 


believe that the observed differences indicate 
some active process, whether agonal or post- 


mortem, taking place in the body which may 


in some way be related to the pulmonary 
edema so frequently observed at autopsy. 
This factor is the subject of further investi- 
gation. 
SUMMARY AND CONCLUSIONS 

Specific gravity values of plasma from the 
left and right atria of 80 drowning deaths 
and 80 control deaths 
are reported. 


selected at random 

In the use of the specific gravity values 
in evaluating the possibility of drowning, cor- 
the 
values must be made for the contribution 


rection of observed specific gravity 
to them of hemoglobin resulting from hemol- 
ysis. The exception to this is in cases in 
which the left atrial plasma obviously con- 
tains more hemoglobin than does the right 
heart plasma and the algebraic difference of 
left minus right specific gravity is a negative 
value. Likewise, no correction is needed if 
the difference is a positive value and the 
right heart plasma shows more hemolysis 
than the left. 

Negative specific gravity differences after 
correction for hemoglobin may be obtained 
in either drowning or nondrowning deaths. 

In all the 80 drowning deaths reported, 
only negative differences were obtained. 
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Hence, if a positive value is obtained for 2. Gettler, A. O.: Method for the Determina- 
tion of Death by Drowning, J. A. M. A. 77:1650, 
1921. 

3. Bing, F. C., and Baker, R. W.: Determina- 
tion of Hemoglobin in Minute Amounts of Blood 
Dr. Russell S. Fisher, Dr. William V. Lovitt, by Wu's Method, J. Biol. Chem. 92:589, 1931. 


specific gravity difference after correction for 
hemoglobin, it is concluded that death was 


not caused by drowning. 


and Spencer R. Watts assisted in this study. 4. Barbour, H. G., and Hamilton, W. F.: Falling 

For Reprints and Archives: Drop Method for Determining Specific Gravity, 
J. Biol. Chem. 69:625, 1926. 
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; ee P. B.; Dole, U. P.; Emmerson, K., Jr., and 
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Swann, H. E., Jr.: Blood Changes in Man Follow- ties of Whole Blood and Plasma by Standard 
ing Death Due to Drowning, A. M. A. Arch. Path. Copper Sulfate Solutions, J. Biol. Chem. 183:305, 
56:454-461, 1953. 1950. 
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News and Comment 


ANNOUNCEMENTS 


Gastrointestinal Cancer Conference.—The Sixth National Gastrointestinal Cancer Con- 
ference, sponsored by the gastrointestinal cancer committee of the National Advisory Cancer 
Council, National Cancer Institute, Public Health Service, will be held on April 4 and 5, 1955. 
With the New York Cancer Society acting as host, the conference will meet in Hosack Hall, 
at the New York Academy of Medicine, 5th Ave. and 103d St., New York. The program will 
emphasize clinical aspects of gastrointestinal cancer. All interested scientists are invited. Dr. 
Morris K. Barrett of the National Cancer Institute, Bethesda 14, Md., is executive secretary 
of the gastrointestinal cancer committee. Dr. George T. Pack, New York, is chairman. Corre- 
spondence should be addressed to Dr. Barrett. 


International Congress of Neuropathology.—The Second International Congress of 
Neuropathology will be held at the Royal College of Surgeons, Lincoln’s Inn Fields, London, 
on Sept. 12-17, 1955. This Congress is open to all interested persons on payment of the registra- 
tion fee of £5. Program details and information in general may be obtained by writing to Dr. 
W. H. McMenemey, Secretary-Treasurer, Maida Vale Hospital for Nervous Diseases, London, 
W.9. 

PERSONAL 


Deaths.—Dr. Timothy Leary, Professor Emeritus of Pathology at Tufts College Medical 
School, died on Nov. 16, 1954, in Medford, Mass., at the age of 84. Dr. Leary served as 
Medical Examiner in Suffolk County for many years and was particularly well known for his 
studies on the etiology of atherosclerosis. 

Dr. Anna W. Williams, bacteriologist in the New York Department of Health and co-author 
with Dr. W. H. Park of the well-known textbook of bacteriology, Pathogenic Microorganisms, 
died in Westwood, N. J., on Nov. 20, 1954, at the age of 91. 


Appointments.—Dr. John R. Schenken has been appointed Chairman of the Department of 
Pathology of the University of Nebraska College of Medicine, at Omaha. Dr. Schenken is 
also President of the American Society of Clinical Pathologists and of the International Congress 
of Clinical Pathologists. 


Dr. Russell Von Milliser has been made Professor of Pathology in the Chicago Medical 
School. 

Dr. Harry Goldblatt has been appointed Professor of Experimental Pathology in Western 
Reserve School of Medicine. 

Dr. Dale Rex Coman has been appointed chairman of the Department of Pathology at the 
University of Pennsylvania School of Medicine. 





SPONTANEOUS LONGITUDINAL CLEAVAGE OF THE 


WALL OF THE AORTA 


FREDERICK C. BAUER Jr., M.D., and EDWIN F. 
HIRSCH, M.D., Chicago 


HE SPONTANEOUS longitudinal 

cleavage of the wall of the aorta into 
an inner and an outer layer is not empha- 
sized in most discussions of the pathogenesis 
of dissecting aortic aneurysms. Such a cleav- 
age of the wall, prior to the actual hemor- 
rhage, affords a tissue factor favoring the 
subsequent rupture of the inner tube (or 
layer) and the escape of blood into a pre- 
The the 
blood following the rupture of the inner tube 
could then further separate the two layers 


formed crevice. extravasation of 


along a plane of least resistance. Only a few 
isolated reports of such spontaneous longi- 
tudinal cleavage of the aorta have been pub- 
lished. 

Babes and Mironescu in 191C' described 
a dissecting aneurysm of the aorta that ex- 
tended from the innominate artery to the 
superior mesenteric artery. Below the su- 
perior mesenteric artery the aortic wall was 
actually split 
split with 


longitudinally, or could be 


slight tension. There was no 
hemorrhage into these tissues. Whitman and 
Stein in 1924? embalmed 
body an aorta with a crevice in the outer 
part of the media beginning at the base of 
the heart and extending to within 10 cm. 
of the iliac bifurcation. The crevice could be 
extended with 


observed in an 


little tension and contained 
fluid regarded as 
the 
the aorta with dissecting 


straw-colored 
lymph. In 


a_ clear, 
summarizing pathologic 
changes found in 
aneurysms, Gore and Seiwert * in 1952 and 
1953 commented on the unusual friability of 
the aortic wall and noted that occasionally 
a medial defect is obvious whereby longi- 
tudinal cleavage or splitting of the aortic 
wall occurs with slight manipulation. In one 


From the Henry Baird Favill Laboratory of St. 
Luke’s Hospital. 
* References 3 through 5. 


(AFIP Acc. No. 51691) 
by Gore ® the media could be separated into 


aorta described 
an outer and an inner portion throughout 
its length to the level of bifurcation into the 
iliac arteries, although the actual intramural 
hemorrhage did not extend beyond the arch. 
Indeed, this potential cleavage plane in the 
outer portion of the media of the aorta and of 
peripheral arteries is noticed frequently by 
vascular surgeons during embolectomy and 
thromboembolectomy procedures,f but this 
probably is not the same process. 


The following report has interest because 
the clinical symptoms immediately before 


the death of the patient suggested a diag- 
nosis of dissecting aneurysm of the aorta. 
However, the necropsy disclosed a longi- 
tudinal cleavage of the wall of the aorta with- 
out intramural hemorrhage. 
REPORT OF A CASE 

\ salesman, aged 45 years, was brought to the 
emergency room of St. Luke’s Hospital in coma 
on Jan. 11, 1954, at 5:25 p.m. Death occurred at 
7:10 p.m. the same day. 
from the 
police, the man suddenly became sick while driving 
his car and entered a nearby tavern for help. While 
there, he collapsed and was brought to the hospital. 
On arrival the patient appeared to be in severe 
shock. He did not respond, and his skin was cold, 
clammy, and cyanotic. Neither acetone nor alcohol 
was detected on his breath. There were no signs of 
traumatic injury. Cardiac examination revealed no 
thrills. The apex of the heart appeared to be ap- 
proximately 1 cm. to the left of the midclavicular 
line. 


According to information obtained 


The heart sounds were loud and clear, and 
there was a split aortic second sound, louder than 
the pulmonic second sound. A Grade II to III harsh 
systolic murmur was heard over the precordium. 
The rhythm was regular, and the apical rate was 
120 to 130. Coarse, moist rales were heard through- 
out the left lung. There were a few moist rales in 
the base of the right lung. The abdomen was soft 
and had normal bowel tones. The liver, spleen, 
kidneys, and other masses were not palpable. The 
lower extremities appeared to have equal color and 
skin temperature. The femoral, dorsalis pedis, and 
nacunsetigiaiatiniateesie 

+ Julian, O. C.: Personal communication to the 
authors. 
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posterior tibial pulses were full and equal bilaterally. 
However, in the upper extremities there was an 
increase in coldness and cyanosis of the right hand 
and arm as compared with the left hand and arm. 
The right radial antecubital and upper brachial 
arterial pulses were absent. In the left arm, both 
these pulses were present. The blood pressure in 
the left arm was 120/60, and in the right arm it 
was 0. Old bilateral linear surgical scars extended 
from the lateral chest wall to the flanks (sympa- 
thectomy for hypertension at another hospital). 
The patient’s condition became worse, and he died 
approximately two hours after arrival. The clinical 
diagnosis was dissecting (aortic) aneurysm.t 


Photograph illustrating the longitudinal cleavage 
of the wall of the aorta. The inner stripped-up layer 
of the intima and the inner two-thirds of the media 
are held away from the outer one-third of the media 
and adventitia by pins at one end of each segment 
in order to demonstrate the cleavage plane. 


Necropsy disclosed a cleavage of the wall of the 
was opened lengthwise an 
of the adventitia and the 
tissues of the media, was separated as a 


so that when it 
layer, composed 


aorta, 
outer 
outer 
sheet, or membrane, from the inner, remaining por- 
tion of the aorta. This cleavage of the aortic wall 
began in the root of the aorta at the level of the 
ostium of the coronary arteries and extended to 
its bifurcation into the common iliac arteries. The 
cleavage was on the left side and in front except 
in the arch, where it involved nearly the entire 


a ——— 
t The history and physical examination were re- 
corded by Dr. D. B. Horsley. 
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circumference of the aorta. It extended into the in- 
nominate artery and into the left renal artery. The 
tissue space formed by the cleavage did not con- 
tain blood, nor was there a tear in the wall of the 
inner tube. Atherosclerosis of the lining of the 
aorta was moderate, with some ulceration and calci- 
fication. After fixation in a formaldehyde solution 
and with 10 cm. of aorta attached, the heart weighed 
670 gm. The myocardium of the left ventricle was 
2 cm. thick. Each kidney weighed 110 gm., and there 
was a small hemorrhage into the perirenal fat of 
the left kidney and into the left adrenal gland. 
There was no massive hemorrhage with blood clots 
or a break in the intima of the left renal artery. 
The edematous and hyperemic right lung weighed 
1,200 gm., and the similar left lung weighed 870 
gm. There were fibrous pleural adhesions on both 
The liver weighed 1,650 gm. and had 
moderate passive hyperemia. The brain weighed 
1,600 gm. and had no significant changes. 


sides. 


Microscopic examination of the aorta was 
significant in that there were no marked 
degenerative changes of the media. The cleav- 
age of the wa!l occurred at about the level of 
the junction of the middle third and the outer 
third of the media, and at other levels of the 
media were small linear tears, or clefts, that 
appeared as though the tissue fibers had been 
pulled apart. Occasionally the vasa vasorum 
in the media were prominently outlined by 
medium-sized mononuclear cells, and in the 
adventitia occasionally they were partially 
surrounded by lymphocytes and other mono- 
nuclear cells. Some of the small arterioles 
had thick muscular walls and hyaline and 
fibrous tissue thickenings of the intima, with 
slight narrowing of the lumens. In addition, 
there were scattered focal linear changes, 
most the outer and middle 
thirds of the media. Here the orderly fi- 
brous structure of the media was gone, and 
the fibers were interrupted and separated by 
mononuclear phagocytes. Also, there were 
changes of atherosclerosis, with thickening 
of the intima by masses of hyaline and amor- 


numerous in 


phous material with a few scattered foam 
cells, and in these regions the media was 
correspondingly narrowed. Sections stained 
by the Van Gieson method for elastic fibers 
revealed some fragmentation of the elastic 
fibers, but this change was slight. Sections 
of the kidney had changes of nephrosclerosis, 
with focal fibrous scars and infiltrations by 





LONGITUDINAL AORTIC CLEAVAGE 

a few lymphocytes and a hyaline thickening 
of the walls of the arterioles. The lumen of 
some of the small arteries was almost oc- 
cluded by concentrically arranged fibrous 


tissue thickening of the intima. The glomeruli 


had fibrous thickenings of Bowman’s capsule, 


and a few were completely hyalinized. 


COMMENT 


Dissecting aneurysms are defined as those 
in which blood is forced between coats of 
an artery. Accordingly, intramural hemor- 
rhage is emphasized as the essential mecha- 
nism of this disease, and discussions of patho- 
genesis are often concerned with the origin 
of the hemorrhage. Occasionally the hemor- 
rhage is attributed to an “initial” intimal 
rupture or laceration at the site of an athero- 
sclerotic ulcer. However, intramural hemor- 
rhage of the aorta has been described without 
rupture of the intima. Thus, Tyson® re- 
ported three patients without intimal lacera- 
tion who died with hemopericardium. He 
suggested that weakening of the media and 
heightened blood pressure caused one or 
more vasa vasorum to rupture and produce 
an intramural hematoma. Internal pressure 
in the aorta would cause the blood to spread 
through the weakened media. He considered 
that intimal laceration is secondary to the 
formation of the dissecting aneurysm in most, 
if not all, cases. Gore * found 23 cases in the 
literature without intimal rupture and re- 
(AFIP Acc. No. 
95745) of an isolated hemorrhage 12 cm. 
long splitting the thoracic and abdominal 


ported one instance ° 


portions of the aortic media without com- 
munication adventitia. 
Glendy, Castleman, and White’ stated that 
a common etiological factor is medial de- 


with the intima or 


generation. This condition is a focal or fairly 
diffuse mucoid or hyaline degeneration which 
results in cyst formation, sometimes called 
faults. The frequent location of the intimal 
tear about 1.5 cm. from the aortic valve sug- 
gested that this rupture could be the result 
of repeated effects of abrupt diastolic recoil, 
which would force down the aortic valve 
and the first portion of the aorta, along with 


supporting structures. 


Medial degeneration of the wall in dis- 
secting aneurysms of the aorta as a patho- 
genic factor has recently been emphasized by 
Gore,* who found in patients under 40 years 
of age that the elastic laminae were involved 
and associated with basophilic ground sub- 
stance, often accumulated in cyst-like spaces 
and compressing residual intact lamellae. 
In an older group he found focal degenera- 
tion of the smooth muscle of the media, 
manifested by a pallor of the tissues in 
stained sections because of the absence of 
muscle cells and nuclei.’ Elastic tissue stains 
demonstrated a condensation of the elastic 
laminae. The residual fibers in an area of 
degeneration were swollen and vacuolated. 
Amromin, Schlichter, and Solway *® studied 
12 dissecting aneurysms of the aorta and in 
7 observed narrowing of the lumen of the 
vasa vasorum produced by arteriosclerosis 
and arteriolosclerosis, with hypertrophy or 
hyperplasia of the media and intima. They 
considered that ischemia of the media of the 
aorta might be the underlying primary factor 
in the production of medionecrosis. 

Clinical observations of our patient and the 
necropsy findings clearly indicate that the 
cleavage of the aortic wall occurred ante 
mortem. The cleavage was longitudinal. It 
did not involve portions fixed by the branches 
of the aorta but was complete in the root 
the 
was split. In the thoracic portion separation 


and arch, where entire circumference 
of the inner and outer layers did not occur 
posteriorly because of tissue fixation of this 
portion of the wall of the aorta by the inter- 
costal arteries and other supporting tissues. 
The cleavage, accordingly, involved the left 
and anterior portions of the wall of the aorta, 
as is common in dissecting aneurysms. Mi- 
croscopic examination of the wall of the aorta 
revealed some retrogressive changes in por- 
tions of the media, with and without cleav- 
age, but these were not marked. 

The occurrence of longitudinal cleavage 
of the wall of the aorta and death without 
hemorrhage, as recorded in this report, sug- 
gest that dissecting aneurysms of the aorta 
are not necessarily caused by blood under 
pressure splitting the wall of the aorta. In 
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our patient cleavage of the wall occurred 
without hemorrhage. A cause of this spon- 
taneous cleavage can be the combined effects 
of torsion and distention on the normally 
curved arch of the aorta with the pulsations 
of the blood. Thus, the difference in elasticity 
between the outer, fibrous adventitia, with 
some of the media, and the inner, more elastic 
media tissues would create an expansion and 
contraction of two dissimilar layers of the 
aorta. The contraction the inner 
layer (or tube) would thus pull it away 
from the outer layer (or tube), 


stress of 


eventually 
with separation of the two. In this way the 
more expansile and less contractile outer 
layer would be split longitudinally from the 
less expansile and more contractile inner 
layer. Fixation of the two layers at certain 
levels by the branches of the aorta and the 
difference in the length of two sides of the 
aorta caused by the curvature of the arch are 
other factors that would cause the two dis- 
similar layers to react unequally to pulsa- 
tion changes in blood pressure and to separate 
mechanically. Retrogressive changes of the 
media, hypertension, or other tissue factors 
could increase the conditions favoring cleav- 
age. After cleavage had begun, reduced sup- 
port of the inner tube would increase the 
possibilities of rupture and the escape of 
blood into a preformed crevice. The actual 
entrance of blood into the crevice could fur- 
ther separate the two layers along a plane 
of least resistance. 


SUM MARY 


A spontaneous nonhemorrhagic longitudi- 
nal cleavage of the wall of the aorta is de- 
scribed. Shock with cyanosis, absence of 
pulse, and loss of measurable blood pressure 
in the right arm, as compared with the left 
arm, were signs clinically interpreted as 
those of a dissecting aneurysm of the aorta 
in the patient. ‘The pathogenesis of dissecting 
aneurysm of the aorta is discussed. The sug- 
gestion is made that the extravasation of the 
blood with a dissecting aneurysm of the aorta 
is a secondary, and not a primary, factor. 
The spontaneous cleavage of the wall of the 
aorta is explained by the combined effects of 
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torsion and distention on the arch of the 
aorta with the pulsations of the blood and by 
a difference in elasticity between the outer, 
fibrous adventitia, with some of the media, 
and the inner, more elastic media tissues. 
This difference would gradually separate 
the inner layer (or tube) from the outer 
layer (or tube). The more expansile and 
less contractile outer layer would separate 
longitudinally from the less expansile and 
more contractile inner layer. Fixation of the 
aorta by its branches and by attachment 
posteriorly to the spine, the difference in 
length of the two sides of the arch of the 
aorta, retrogressive changes of the media, 
and hypertension are factors influencing the 
cleavage planes and their extent. Reduced 
support of the inner tube would favor rup- 
ture, with the escape of blood into a pre- 
formed crevice. The extravasation of blood 
could further separate the two layers along 
a plane of least resistance. 
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HOMOGENOUS RENAL TRANSPLANTATION 


Associated Positive Coombs Test and Anemia 
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HE COOMBS, 
was introduced by Coombs, Mourant, 
and Race * Rh anti- 
bodies, which were designated as “incom- 


or antiglobulin, test 


for the detection of 


plete antibodies.” Later Coombs discovered 
that Moreschi * had described the principles 
of the procedure after a series of experimen- 
tal manipulations. The indirect Coombs test * 
has been particularly useful in detecting vari- 
ous antibodies to specific erythrocytic anti- 
gens and in cross matching blood for trans- 
fusions.t The direct Coombs test * has been 
both a diagnostic and an investigative pro- 
cedure in hemolytic disease of the newborn 
following certain incompatible blood trans- 
fusions § and in the acquired hemolytic ane- 
mias of idiopathic and secondary types.|| 
Since the original demonstration by Boor- 
man, Dodd, and Loutit,"’ experience has in- 
dicated an almost universal encounter of a 
positive direct Coombs test in the idiopathic 
form of acquired hemolytic anemia. In the 
secondary form of acquired hemolytic anemia 
this test has been reported positive in half 
the cases.’* Moreover, it is not uncommon 
to encounter a positive indirect Coombs test 
in the acquired hemolytic anemias when the 


patient’s serum is incubated with the eryth- 


rocytes from other subjects.” the 


——_— 


Thus, 
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IN DOGS 


Coombs test has assumed a central position 
in the characterization of acquired hemolytic 
anemia. 

The causative factor in the positive direct 
Coombs test in acquired hemolytic anemia 
has been eluted from the erythrocytes { and 
demonstrated to attach itself to the erythro- 
cytes from other persons. Although earlier 
studies suggested that this elutable factor 
acted as an “incomplete panagglutinin,” since 
it coated all erythrocytes tested, more recent 
observations have indicated specificities 
which appear :dentical to those of certain Rh 
antibodies.# These various observations have 
resulted in the interpretation that the cause 
of the positive direct Coombs test in the ac- 
quired hemolytic anemias is an autoantibody, 
and this disturbance has been termed “auto- 
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immune hemolytic disease. 

The “autoimmune” concept is, naturally, 
dependent on an antibody response to an an- 
tigen. As long as the “antigen” remains un- 
known in acquired hemolytic anemia, this 
concept remains inconclusive and can be chal- 
Thus, additional theoretical possi- 
bilities concerning the cause of the positive 


lenged.* 


direct Coombs test may be considered, such 
as the implication of abnormal globulins un- 
related to an antigenic stimulus, and an eryth- 
rocytic injury that 
produce either receptors for the antiglobulin 
serum or receptors for nonimmune globulins, 


causing alterations 


which, in turn, combine with the antiglobulin 
serum. 

Among the difficulties besetting an eluci- 
dation of the pathogenesis of acquired hemo- 
lytic anemia has been the lack of its repro- 
duction in experimental animals. Since the 
observations of Dameshek and Schwartz,*° 
several studies dealing with immune hemoly- 


{{ References 22 and 23. 
# References 24 and 25. 
* References 27 through 29. 








tic states of experimental animals have ap- 
peared.¢ All of these studies, however, have 
involved heteroimmune or isoimmune eryth- 
rocytic antibodies and, as a consequence, 
have not represented autoimmune states. 
A possible exception is suggested by the pre- 
Smith 
workers ** dealing with “autoimmunization” 


liminary observations of and co- 
of rabbits with their own trypsinized eryth- 
rocytes. 

In the present communication we wish to 
describe the development of an anemia asso- 
ciated with a positive direct Coombs test in 
the dog following homogenous renal trans- 
plantation. The term homogenous indicates 
the transplantation of the kidney of one dog 
into a second dog by the anastomosis of ar- 
tery to artery and vein to vein. The resem- 
blance of the phenomenon to acquired hemo- 
lytic anemia of man makes it of interest. 


MATERIALS AND METHODS 
Adult mongrel dogs of either sex were used. 
Ether anesthesia was used when bilateral ne- 


phrectomy was performed, while pentobarbital so- 
dium was used when only one kidney or no kidney 
was removed prior to the renal transplantation. 
The kidneys were removed by the posterior ap- 
proach. The renal transplant was placed in the 
neck of the recipient dog by anastomosing the renal 
artery to the carotid artery and the renal vein to 
the jugular vein. The ureter was brought to the 
surface through a stab wound. The donor kidney 
was placed in a subcutaneous pocket in the neck. 
The entire procedure required 30 to 45 
Within about five after its 
urine flowed from the ureter. Since diuresis usually 
occurred for a few days, the proper replacement of 
water and salt became necessary. 


minutes. 


minutes conclusion 


The anti-canine-serum rabbit (Coombs ) 
was prepared in the rabbit by modifications of the 
directions of Mourant,t as follows: Rabbits weigh- 


ing 2 to 3 kg. were injected with pooled canine 


serum 


serum obtained by mixing about 5 cc. of serum 


from each of three to five dogs. A course of in- 
travenous injections was given at two- to three-day 
intervals, beginning with a 0.5 cc. dose and follow- 
ing with five doses of 1 cc. each. The animal was 
bled 10 days after the last dose. Pooled erythrocytes 
from normal dogs were used in absorbing the rab- 
bit serum. The serum was then passed through a 





+ References 31 through 35. 
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Seitz filter, and 1 cc. aliquots in small sterile bottles 
were stored at —20 C. until used. 

The direct Coombs test was conducted by wash- 
ing a 2% suspension of canine erythrocytes three 
times in abundant temperature. 
After the third washing the test tube was turned 
up and allowed to drain. 
pended in the residual saline, approximately a 2% 
drops of the antiserum 
(Coombs) were added. The mixture was allowed to 
stand for 30 minutes at room temperature, after 
which it was centrifuged for 1 minute at 500 to 
1,000 rpm. shaken into 
the supernatant fluid, and the results were evaluated 
grossly according to the following schedule: A 
solid button represented a 4+ result; a few large 
clumps were considered as 3+; multiple scattered 
clumps were graded 2+, and a definitely granular 
suspension with fine clumps was 1+. All grossly 
detectable degrees of agglutination were checked 
microscopically, the clumps of erythrocytes being 
shown to be stable for more than five minutes. A 
smooth or fairly smooth suspension which micro- 


saline at room 


To the erythrocytes sus- 


suspension, two canine 


The button of cells was 


scopically yielded definite but scattered clumps was 
designated +. 

The indirect Coombs test was conducted by in- 
cubating erythrocytes from normal dogs at 37 C. 
for 30 minutes, in the form of a 2% suspension in 
the serum of the dogs that had received a renal 
transplant, then treating the cells as in the direct 
procedure. A random panel of canine erythrocytes 
obtained from the same four or five dogs was used 
throughout any one experiment. 

Eluates of erythrocytes were prepared on two oc- 
casions by an adaption of the Landsteiner-Miller *7 
Fifteen to 20 cc. of defibrin- 
ated blood was centrifuged; the serum was removed, 


procedure as follows: 


and the erythrocytes were washed four times with 
abundant saline. A final 50% suspension of erythro- 
cytes in saline was heated to 56 C. for six to eight 
minutes, while constantly agitated. The saline was 
then separated while warm. These eluates did not 
produce direct agglutination when incubated with 
a panel of erythrocytes. The ability of the eluate 
to produce agglutination by means of the indirect 
Coombs procedure was tested by means of a panel 
of erythrocytes from normal dogs. 


The was obtained by the 
method of Wintrobe,®* the results of which were 
corrected for trapped plasma according to the 
method of Chaplin and Mollison.*® The mechanical 
fragility of the erythrocytes was determined by a 
modification of the method of Shen, Castle, and 
Fleming.*° One cubic centimeter of oxalated blood 
(5 cc. of blood plus 10 mg. of buffered double 
oxalate) was placed in a 25 cc. Erlenmeyer flask 
containing 20 glass beads, each of about 4 mm. 
diameter. The flask was clamped to a plastic disc 
16.5 cm. from the axis and rotated for 90 minutes 


hematocrit reading 








RENAL TRANSPLANTATION —COOMBS 
The amount of 
hemoglobin in the supernatant plasma was related 
to the total hemoglobin concentration of the blood 
as percent of hemolysis. 


at 30 rpm, at room temperature. 


In the course of observations dealing with the 
influence of homogenous renal transplants on the 
hypertension bilateral nephrectomy of 
dogs,*! it became apparent that the anemia occur- 
ring after the 


following 


accentuated 
following the renal transplantation, even though 
the “uremia” was improved. 


nephrectomies 42 was 


When blood trans- 





TEST 


Auto-agglutination was truly present in this group 
(Table 1) and suggested the need to evaluate the 
Coombs test under these conditions. 

In these early observations, as depicted in Table 
1, the renal transplant was applied 7 to 10 days 
after the second nephrectomy, during 
terval the maintained by 
In the subsequent observations, which 


which in- 
animal was peritoneal 
irrigation.** 
constitute the basis for the present report, four 
groups of dogs were studied: In A the 


animals had a unilateral nephrectomy, followed in 


Group 








Tasie 1.—Blood Changes in Three Dogs* Following Nephrectomy and Homogenous Renal Transplant 


Dog No Blood Volume RBC Volume, Hematocrit, Blood Trans- 
Wt., Ke Days (T 1824), Ce. Ce. % fusion, Ce 
A 0 1,670 417 25 
14.5 0 Second nephrectomy 
1-31 Peritoneal irrigation 
10 1,270 338 27 400 
10 Homogenous renal transplant 
15 1,265 296 23 
24 1,020 160 15 250 
18+ 
27 14 500 
33+ 
30 17 300 
24t 
31 21 
B 0 Second nephrectomy 
8.4 1-16 Peritoneal irrigation 
4 Homogenous renal transplant 
14 (a) Autoagglutination 2+; room temp. 
(b>) Suspension of Dog B’s RBC in normal dog's 
serum; room temp.; agglutination 34 
16 Died 
Cc 6 Removal of 300 ec. of blood; storage at 5 C 
13 0 Second nephrectomy 
1-11 Peritoneal irrigation 
4 Homogenous renal transplant 
4-8 Return of 300 ec. of own blood 
10 (a) Autoagglutination 1+; room temp 


(b) Direct Coombs test 1+ 

(c) Indirect Coombs test with Dog C’s serum; 
negative for 4 bloods 

(d) Eluate of Dog C’s RBC; no agglutination 
against 4 bloods directly 
Indirect Coombs test against eluate 
positive with 3 of 4 bloods 


* Dog A demonstrates the accentuation of the anemia 5 
and the ineffectiveness of blood transfusions (1,050 ec.) 


to 10 days after the homogenous renal transplantation 
on this anemia 


Dog B demonstrates autoagglutination at 


room temperature after the homogenous renal transplantation in the absence of blood transfusion and, also, agglu 


tination when the washed cells were placed in another dog’s serum 
tive direct Coombs test following the homogenous renai transplant 


Dog C demonstrates autoagglutination and a posi 
In addition, an eluate prepared from the Coombs- 


positive red cells yielded a positive indirect Coombs test with three of four erythrocyte suspensions obtained from 


four normal dogs 
+ Same day, after transfusion. 


fusions were attempted, they were not as effective 
as expected (Table 1). Moreover, cross matching 
of blood became difficult, and autoagglutination of 
erythrocytes was encountered at room temperature. 
Since these dogs received blood transfusions at the 
time of the renal transplantation, the possibility 
that the phenomenon involved transfused or donor’s 
red cells had to be excluded. Subsequently in dogs 
that either were given no blood transfusions or 
received their own blood which had been stored in 
the refrigerator the same phenomenon was observed. 


about one week by the homogenous renal trans- 
plant; in Group B the animals had a bilateral ne- 
phrectomy, followed in 24 hours by the homogenous 
renal transplant; in Group C animals with their 
kidneys intact received a homogenous renal trans- 
plant, which was followed in 24 hours by an acute 
hemolysis induced by phenylhydrazine (40 mg. per 
kilogram of body weight, given intravenously as a 
2% solution in saline), and in Group D intact 
animals received the homogenous renal transplant, 
which was followed in 24 hours by the withdrawal 
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of the animal’s own blood (about 30 cc. per kilo- 
gram of body weight), hemolysis of the blood by 
freezing and thawing, and the reinfusion of the 
hemolyzed autogenous blood. 

The hemolytic state was interposed in Groups C 
and D because the Coombs test appeared more evi- 
dent when the transplantation was conducted 7 to 


TABLE 2 
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seven days later ).—Of the four dogs in this 
group, three developed a positive direct 
Coombs test of 1+ to 3+ magnitude. The 
mechanical fragility of the erythrocytes was 
significantly elevated in two dogs but receded 
to control levels in 15 to 28 days. At this 


(Group A).—Results Following Unilateral Nephrectomy Plus Homogenous Renal 
Transplantation Seven Days Later * 





Direct Mechanical Indirect Coombs Test, RBC 
Coombs Hemato- Fragility, _ - = +" ————_—_——_—~ 
Dog No Days Test erit, % % Hemolyzed 1 2 3 4 5 
1 0 40.0 6.1 
3 34.3 22.0 
6 + 29.4 31.2 os ee 
9 1+ 30.0 42.6 = - 1+ 1+ — 
28 le 35.0 3.9 
2 0 4.0 6.6 
3 — 36.0 11.3 - - _ 
5 3+ 39.0 3.3 
9 Died 
3 6 1+ 34.0 25.0 ~ _ _ a 
8 1+ 29.6 15.4 1+ os 1+ 
10 1+ 28.0 12.8 _ — — 1+ — 
15 = 29.5 2.3 = — _ 
51 - 40.5 3.7 
4 0 45.5 3.8 
3 38.0 2.2 — - — — _ 
5 - 37.0 2.6 - ~ 
41 -- 33.5 2.3 _ _ — _ _ 
* The minus sign indicates negative results; the dots indicate that no tests were performed at that time 
TaBLe 3 (Group B)—Results Following Bilateral Nephrectomy Plus Homogenous Renal 
Transplantation Twenty-Four Howrs Later 
Direct Mechanical Indirect Coombs Test, RBC 
Coombs Hemato- Fragility, _ - A ~ 
Dog No. Days Test erit, % % Hemolyzed 1 2 3 4 
5 0 42.0 5.4 o* - es 
4 1+ 23.0 9.0 _ ies 1+ le 
7 18.0 $2.2 - 1+ 3+ _ 
12 Died 
6 0 44.0 48 ee ee ee ee 
6 - 21.5 37.6 - 1+ 1+ 1+ 
y 23.0 23.5 ~ _ 
14 a 24.0 42.0 os -- _ 
22 — 32.0 69.0 
24 Died 
7 4 - 27.6 30.2 ° ee ee 
6 - 17.0 60.4 — 1+ 
7 _ 13.7 76.0 - — ~ 
x 0 42.0 5.0 - ; ee 
5 22.7 87.0 ~ - — —_ 
11 Died 


10 days after the second nephrectomy, as opposed 
to the cases in which the transplantation was ef- 
fected 24 hours after the second nephrectomy. Since 
by 7 to 10 days after the nephrectomies a hemolytic 
anemia #2 is evident, it was considered possible that 
hemolysis potentiate the 


or its 


phenomenon. 


products might 


RESULTS 
Group A (Table 2; unilateral nephrec- 
tomy plus homogenous renal transplantation 
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time and beyond, recovery from the anemia 
was progressing. The indirect Coombs test 
was positive to the erythrocytes from two of 
five dogs in one case and to the cells of three 
of five dogs in another. In one dog the find- 
ings were negative except for the develop- 
ment of anemia. 

Group B (Table 3; bilateral nephrectomy 
plus homogenous renal transplantation in 








RENAL TRANSPLANTATION — COOMBS 
24 hours).—The animals in Group B died 
after two to three weeks, although during 
most of this time uremia was not prominent, 
since the transplanted kidney was able to sus- 
tain renal function.** Only one of the four 
dogs in this group developed a positive direct 
Coombs test, and in this case the phenomenon 


was observed only once. All animals devel- 


TEST 


oped a prominent anemia, associated with a 
markedly elevated mechanical fragility of the 
erythrocytes. The indirect Coombs test be- 
came positive to the erythrocytes from three 
of four dogs in two dogs and to the cells of 
one of four dogs in another. 

C 


transplantation in intact animal plus phenyl- 


Group (Table 4; homogenous renal 








Taste 4 (Group C)—Results Following Homogenous Renal Transplantation of Intact Animal Plus 
Phenylhydrazine Twenty-Four Hours Later 
Direct Mechanical Indirect Coombs Test, RBC 
Coombs Hemato- Fragility, - ~~ — 
Dog No Days Test erit, % % Hemolyzed 1 2 3 4 
9 0 48.0 7.0 “ - os 
4 1+ 20.0 41.9 1+ 1+ 1+ 
7 1+ 17.1 55.0 3+ 3+ = 3+ 
s 8+ 8.0 88.6 3+ 2+ 2+ 3+ 
10 0 44.5 15.5 
3 22.3 50.1 
5 3+ 6.0 83.1 
11 0 47.0 11.2 
4 - 23.0 35.2 — — _ - 
i 17.0 84.8 3+ 3+ 3+ 
7 1+ pee one Hem.* 3+ 3+ 
8 le 8.0 64.7 Bae 3+ — 3+ 
* Hem hemolyzed 
Taste 5 (Group D).—Results Following Homogenous Renal Transplantation Plus Infusion of 
Hemolysed Autogenous Blood Twenty-Four Hours Later 
Direct Mechanical Indirect Coombs Test, RBC 
Coombs Hemato- Fragility, ; ois ~ 
Dog No Days Test erit, % % Hemolyzed 1 2 3 
12 0 38.2 4.4 _ - 
1 - 35.7 5.15 = _ 2+ 
2 32.9 4.4 o° ee 
J 28.4 16.7 Hem.* 2 = 
8 = 9.1 2+ 1+ Incomp.t 
12 1+ 26.5 6.0 Hem Hem Incomp. 
20 * 30 8.3 Incomp > Incomp 
13 0 44.8 
4 23.0 
6 2+ 25.5 
7 1+ 26.5 
10 28.5 
12 3+ 31.5 ca 
14 0 46.0 5.2 
1 44.0 9.8 
2 1+ 30.9 44 
4 = 29.9 13.5 
6 = 22.4 22.4 
8 = 22.3 6.5 
1] 1+ 22.3 6.1 
14 . 30.5 9.1 
19 29.4 25.8 
15 ( 38.0 3.6 
4 21.0 38.6 
7 ~ 23.0 37.3 
8 1+ 16.0 ait 
26 _ 29.3 36.5 
32 _ oeee ove 
34 34.2 14.0 
36 — 34.6 3.2 
4 *- 
* Hem. = hemolyzed 


+t Incomp. incompatibility 








hydrazine in 24 hours).—All three of the 
dogs in Group C developed a positive direct 
Coombs test within four to seven days. 
There was a pronounced anemia and a 
marked elevation of the mechanical fragility 
of the erythrocytes.§ The indirect Coombs 
test became positive to the erythrocytes from 
four of four dogs tested in one animal and 
to the cells of three of four dogs in another. 

Groupe D (Table 5; homogenous renal 
transplantation plus an infusion of hemolyzed 
autogenous blood in 24 hours).—aAll four 
dogs in this group developed a positive direct 
Coombs _ test. studied 
yielded an elevation of the mechanical fragil- 


Three animals so 


ity of the erythrocytes. Recovery from the 
anemia was apparent by two weeks. The only 
animal in this group tested with the indirect 
Coombs test yielded, at an earlier time, a 
positive test to the erythrocytes from three 
normal dogs and, at a later time, either 
hemolysis or saline agglutination (direct in- 
compatibility) to the same cells. 

Summary of Results —Of the 16 dogs sub- 
jected to a homogenous renal transplantation 
and tested with the serum, or 
Coombs serum (Tables 1 through 5), 12 
(75%) developed a positive direct Coombs 


anticanine 


test. In eight cases the gross magnitude of 
In four 
cases the gross agglutination varied between 
2+ and 3+. The the 
positive direct Coombs test was associated 
with an accentuation of the anemia. 


the test consisted of a 1-+ reaction. 
development of 


In most 


cases the mechanical fragility of the erythro- 
cytes became prominently elevated. 


A posi- 
tive indirect Coombs test was frequently 
encountered when the serum of the dog with 
a transplanted kidney was tested against the 
erythrocytes obtained from three to five nor- 
mal dogs. 


COM MENT 


The time during which the direct Coombs 
test became positive in the present experi- 
ments is of interest. While in 50% of the 


§ Subsequently it was demonstrated that phenyl- 
hydrazine alone induces a positive direct Coombs 
test in the dog. This has been made the subject 
of a separate report.*5 
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animals the test became positive in 5 to 7 
days, it was positive in 5 to 10 days in 75% 
of the cases. In two instances the test was 
positive in four days, and only once was it 
positive within two days. Thus, the positive 
direct Coombs test under these circumstances 
seemed to require an interval of approxi- 
mately one week for its development. 

The interval of about one week represents 
the time during which deterioration of the 
functional state of the renal transplant be- 
comes apparent.|| At this time, also, the 
transplant frequently reveals gross signs of 
softening and resorption. Beyond one week 
the resorption increases, and by two to three 
weeks the structure frequently decreases in 
size and ceases its output of urine. It is evi- 
dent that the positive direct Coombs test ap- 
peared at approximately the time when de- 
terioration and resorption of the homogenous 
renal transplant became overt. 

In five dogs studied over a prolonged pe- 
riod of time (19 to 51 days), the direct 
Coombs test became negative and the mani- 
festations of the anemia and abnormal me- 
chanical fragility of the erythrocytes abated. 
The negative test was observed between 3 and 
18 days after the last positive test, and in 
three of the five examples it was negative 
14 to 26 days after the renal transplantation. 
Thus, the combination of anemia, increased 
mechanical fragility of the erythrocytes, and 
positive direct Coombs test was transient 
when the period of observation was pro- 
Moreover, the direct Coombs test 
became negative usually beyond the time of 
maximal resorption of the renal transplant. 


longed. 


The factor causing the positive direct 
Coombs test appeared to be elutable from the 
erythrocytes in the related in 
Table 1. The temporal development and re- 
cession of the positive direct Coombs test and 
the erythrocytic abnormalities 
pose the question of whether the factor caus- 
ing the positive Coombs test is an antibody 
against the red blood cells of the renal recipi- 
ent or whether it represents nonimmune 


example 


associated 


globulins or other proteins derived from the 


. 


|| References 9, 11, and 12. 
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resorbing renal transplant and having the 
ability to attach themselves to the erythro- 
cytes of the dog with a transplant. 

A third theoretical possibility in the patho- 
genesis of the positive direct Coombs test fol- 
lowing the renal transplantation must be 
considered in view of additional observations 
from this laboratory.’® In attempting to con- 
(rena! 
transplant plus hemolysis by phenylhydra- 
zine), we demonstrated that the action of 
phenylhydrazine by itself evokes a positive 


trol the observations of Group C 


direct Coombs test in the dog. For several 
reasons, outstanding among which was the 
observation that the test usually became posi- 
tive within four to seven days, the find- 
ing was interpreted as the result of a direct 
erythrocytic injury. It was considered that 
such an injury might cause the positive test 
directly by affecting receptors on the red 
cells for the anticanine serum or indirectly by 
affecting receptors for nonimmune globulins, 
which, in turn, combine with the anticanine 
serum. In the light of this experience, it is 
conceivable that the products derived during 
the of the 
transplant may be directly injurious to the 
recipient’s erythrocytes and thus evoke the 


resorption homogenous renal 


positive direct Coombs test in a manner com- 
parable to the considered action of phenylhy- 
drazine. 

These considerations indicate that the data 
presented herein do not elucidate the cause 
of the positive direct Coombs test. They 
1. Is the 
positive direct Coombs test due to immune 
globulins against the donor’s kidney which 
at the same time are capable f attachment 
onto the recipient’s erythrocytes, and thus 


merely pose three major questions: 


act like an autoimmune erythrocytic anti- 
body? 2. Is it due to nonimmune globulins 
or other proteins derived from the resorbing 
renal transplant which are able to become 
attached to the 


recipient’s erythrocytes? 


3. Or is it due to an erythrocytic injury from 


products of resorption from the transplanted 
kidney ? 

The temporal development of the positive 
to 10 days) 


direct Coombs test (within 5 


TEST 


would be in keeping with all three possibili- 
ties. The disappearance of the positive test 
and the concomitant abatement of the anemia 
and increased erythrocytic fragility within 
14 to 26 days constitute distinct weaknesses 
in the antibody or immune concept. On the 
other hand, the transient nature of the phe- 
nomenon is in keeping with the nonimmune 
possibilities embodied in the second and third 
proposals listed above. Work is now in prog- 
ress attempting to elucidate these possibil- 
ities. 

The indirect Coombs test applied to the 
recipient’s serum indicated a specificity of 
the serum, even though only the erythrocytes 
from a few normal dogs were included in the 
panel. It was not possible to flush out all of 
the donor’s erythrocytes within the renal 
transplant. Thus, the recipient’s serum activ- 
ity may have been due to isoimmune eryth- 
rocytic antibodies. These antibodies would 
not ordinarily be considered eligible to attach 
onto the recipient’s erythrocytes. In view of 
recent indications for the specificity of cer- 
tain “autoimmune antibodies” in acquired 
hemolytic anemia,{] this point cannot be con- 
sidered certain without additional observa- 
tions. 

The encounter of a positive direct Coombs 
test in all eight dogs (Tables 1, 4, and 5) 
having an active hemolytic state in addition 
to the renal transplant suggests the need tor 
further observations on the possible poten- 
tiation of the phenomenon by products of 
hemolysis. Previously *° it was demonstrated 
that hemolysis per se in the test tube or in 
vivo did not cause a positive direct Coombs 
test with the Coombs serum used in these 
experiments. 

After the present work was begun, the ob- 
servations of Simonsen ** concerning sero- 
logic investigations in dogs following renal 
In 


after the renal 


transplantation came to our attention. 
one experiment, 20 to 21 days 
transplantation, Simonsen noted autoagglu- 
tination and panagglutination when the recip- 
ient’s erythrocytes were placed in canine 
serum from different sources. A positive di- 


{ References 13 and 14. 





rect Coombs test was noted after transplan- 


tation of the spleen in one experiment. After 
transplantation of kidneys, however, the di- 
rect Coombs test was negative when the red 
cells were washed with saline. It is apparent 
that 
changes in the direction of, but not identical 


Simonsen’s investigations indicated 
with, the ones herein recorded. For reasons 
that are not clear, but that possibly include 
products of hemolysis as described above, 
homogenous renal transplantation in our ex- 
perience has been attended by a high inci- 
This 


finding occurred even though the erythro- 


dence of positive direct Coombs tests. 


cytes were thoroughly washed in saline, in 
contradistinction to the observations of Si 
monsen. 

SUMMARY 


The triad of a positive direct Coombs test, 
anemia, and increased mechanical fragility 
of the erythrocytes was observed following 
homogenous renal transplantation in the dog. 

The direct Coombs test usually became 
positive within 5 to 10 days after the trans- 
plantation. 

In dogs observed over a prolonged interval 
the triad (positive direct Coombs test, ane- 
mia, increased erythrocytic fragility) abated 
within 14 to 26 days. 

The implications of these findings are dis- 
cussed. 

REFERENCES 

1. Coombs, R. R. A.; Mourant, A. E 
R. R.: New Test for the 
“Incomplete” Rh Agglutinins, Brit. J 
26:255, 1945 

2. Coombs, R. R. A.; Mourant, A. E., 
mes 


Agglutinins : 


, and Race, 
Weak and 
Exper. Path. 


Detection of 


and Race, 
Detection of Weak and “Incomplete” Rh 
New Test, 2:15, 1945. 

3. Moreschi, C.: Neue Tatsachen tiber die 
Blutkorpchenagglutination, Zentralbl. Bakt. 46:49, 
1908. 

4. Race, R. R., and Sanger, R. 
Man, Springfield, Ill., Charles (¢ 
lisher, 1951. 

5. Mollison, P. = 
cal Medicine, Springfield, Ill., Charles C Thomas, 
Publisher, 1952, pp. 222, 240, and 286. 

6. Hutcheson, J. B.; Haber, J. M., and Kellner, 
A.: Hazard of Repeated Blood Transfusion: He- 
molytic Reaction Due to Antibodies to the Duffy 
(Fy*) Factor, J. A. M. A. 149:274, 1952. 


230 


Lancet 


Blood Groups in 


Thomas, Pub- 


Blood Transfusion in Clini- 


M. A. ARCHIVES OF PATHOLOGY 
7. Coombs, R. R. A.; Mourant, A. E.; 
R. R.: In-Vivo 
Babies with 
1946. 
8. Hill, J. M., and Haberman, S.: 
tion of Rh Antibodies in the Newborn and Further 


and Race, 
Red Cells in 
Lancet 1:264, 


Isosensitisation of 
Hemolytic Disease, 


Demonstra- 


Evidence of the Pathogenesis of Erythroblastosis, 
J. Lab. & Clin. Med. 31:1053, 1946. 

9. Levine, P.: Developments in 
Obst. & 


Recent Iso- 

Immunization by the Rh Factor, Am. J. 

Gynec. 49:810, 1945. 
10. Muirhead, E. E., 


in Blood Transfusion: Minor Incompatible Blood 


and Groves, M.: Problems 


Transfusions and Acquired Anemia, 
Med. 50:465, 
11. Boorman, K. E.; Dodd, B. E., Loutit, 
J. F.: Hemolytic Icterus (Acholuric Jaundice) : 
Congenital and Acquired, Lancet 1:812, 1946. 
New 
Patients with Acquired 
ence 106:293, 1947. 

13. Evans, R. S.; Duane, R. T., and Behrendt, 
V.: Demonstration of Antibodies in Acquired He- 
molytic Anemia with Anti-Human Globulin Serum, 
Proc. Soc. Expe r. Biol. & Med. 64:372, 1947. 

14. Evans, R. S., 


Hemolytic 


Hemolytic 
1954. 


Texas J. 


and 


12. Sturgeon, P.: Antibody in Serum of 


Hemolytic Anemia, Sci- 


and Duane, R. T.: Acquired 
Relation of 


Antibody Production to Activity of the Disease; 


Anemia: I. Erythrocyte 
II. Significance of Thrombocytopenia and Leuko- 
penia, Blood 4:1196, 1949. 

15. Dacie, J. V., and de Gruchy, G. C.: 
Antibodies in Acquired 
Clin. Path. 4:253, 1951. 

16. Dameshek, W.: 
mia : 


Auto- 
Hemolytic Anzmia, J. 
Ane- 
Reference 
Therapy, in Moore, 
Carl V., Editor-in-chief: Proceedings of the Third 
International Congress of the International Society 


Acquired Hemolytic 


Physiopathology with Particular 
7 I . 


to Auto-Immunization and 


of Hematology, Cambridge, England, Aug. 21-25, 
1950, New York, Grune & Stratton, Inc., 1951, p. 
120. 

17. Wiener, A. S.; 
M., and Loewe, L.: Acquired Hemolytic Anemia, 
Am. J. Clin. Path. 22:301, 1952. 

18. Rosenfield, R. Ey: 
N.: Antiglobulin Test: Technic and Practical 
Application, Am. J. Clin. Path. 21:301, 1951. 

19. Davidsohn, I., and Oyamada, A.: Specificity 
of Auto-Antibodies in Hemolytic Anemia, Am. J. 
Clin. Path. 23:101, 1953. 

20. Dacie, J. V.: 
with Special Reference to the Antiglobulin 
(Coombs’) Reaction, Blood 8:813, 1953. 

21. Young, L. E.; Miller, G., and Christian, 
R. M.: Clinical and Laboratory Observations on 
Autoimmune Hemolytic Disease, Ann, Int. Med. 


35:507, 1951. 


Samwick, A. A.; Morrison, 


Vogel, P., and Rosenthal, 


Acquired Hemolytic Anemia 





RENAL TRANSPLANTATION — COOMBS 
22. Kidd, P.: Elution of an Incomplete Type of 

Antibody from the 

Hemolytic Anzmia, J. 


Erythrocytes in Acquired 
Clin. Path. 2:103, 1949. 
23. Komninos, Z. D., and Rosenthal, M. C.: 

Studies on Antibodies Eluted from the Red Cells 

in Autoimmune Hemolytic Anemia, J. Lab. & Clin. 

Med. 41:887, 1953 
24. Weiner, W.; Battey, D. A.; Cleghorn, T. E.; 

G. W., and Meynell, M. J.: 
Findings in a Case of Haemolytic Anaemia, with 

Some General Observations on the Pathogenesis of 

Brit. M. J. 2:125, 1953. 


, and Cutbush, M.: Specificity of 


Marson, F. Serological 


This Syndrome, 
25. Dacie, J. \ 
Auto-Antibodies in Acquired Hzemolytic Anzmia, 
J. Clin. Path. 7:18, 1954. 
26. Young, L. E., and Miller, G.: 
Hemolytic 
66:190, 1953. 
27. Wagley, P. F.; Shen, S. C.; Gardner, F. H., 
and Castle, W. B.: Studies on the Destruction of 
Red Blood Cells: 
a Substance Causing Agglutination of Red Blood 
Cells of Certain Patients with Acquired Hemolytic 


Long-Term 
Picture in Autoimmune 


A. Am. 


Disease, Tr. 
Physicians 


VI. The Spleen as a Source of 


Jaundice by an Antihuman Serum Rabbit Serum 
(Coombs’ Serum), J. Lab. & Clin. Med. 33:1197, 
1948. 

28. Castle, W. B., in Beeson, P. B., Editor: Year 
Book of Medicine, Chicago, Year Book Publishers, 
Inc., 1950, p. 277. 

29. Castle, W. B., in Beeson, P. B., Editor: Year 
300k of Medicine, Chicago, Year Book Publishers, 
Inc., 1951, p. 360. 

30. Dameshek, W., and Schwartz, S. O.: He- 
molysis as the Cause of Clinical and Experimental 
Hemolytic Anemias, with Particular Reference to 
Nature of Spherocytosis and Increased Fragility, 
Am. J. M. Sc. 196:769, 1938. 

31. Tigertt, W. D., and Duncan, C. N.: Erythro- 
cyte Morphology in Experimental Hemolytic Ane- 
mia as Induced by Am. J. 
M. Sc. 200:173, 1940. 

32. Christian, R. M.; Ervin, D. M., 
L. E.: Observations on the In-Vitro 
Isoantibodies, J. 


Specific Hemolysin, 
and Young, 
Jehavior of 
Immunol. 66:37, 1951. 

33. Christian, R. M.; Stewart, W. B.; Yuile, 
C. L.; Ervin, D. M., and Young, L. E.: Limitation 
of Hemolysis in Experimental Transfusion Reac- 
tions Related to 


Dog 


Depletion of Complement and 


Isoantibody in the Recipient: Observations on Dogs 


Given Successive Transfusions of Incompatible 


TEST 


Red Cells Tagged with Radioactive Iron, Blood 
6:142, 1951. 

34. Young, L. E.; 
D. M.; Davis, R. W.; 
S. N., and Yuile, C. L.: Hemolytic 
Newborn Blood 6:291, 1951 

35. Chute, R. N., and Sommers, S. C.: Hemolytic 
Disease and Polycythemia in Parabiosis Intoxica- 
tion, Blood 7:1005, 1952. 

36. Smith, J. W.; 
and Bunner, A. E.: 
with Trypsinized 


512, 1954. 


37. Landsteiner, K., and 


Christian, R. M.; 
O’Brien, W. A.; 


Ervin, 
Swisher, 
Disease in 
Dogs, 


Dodd, M. C.; Wright, C.-S., 
Iso-Immunization of 


Fed. 


Rabbits 
Erythrocytes, Proc. 13: 
omer, GB 5.3 
Serological Studies on the Blood of the Primates: 
II. Blood Groups in Anthropoid Apes, J. 
Med. 42:853, 1925. 

38. Wintrobe, M. M.: Simple and Accurate 
Lab. & Clin. Med. 15:287, 1929. 

39. Chaplin, H., Jr., and Mollison, P. L.: Cor- 
rection for Plasma Trapped in the Red Cell Col- 
umn of the Hematocrit, Blood 7:1227, 1952. 

40. Shen, S. C.; Castle, W. B., and Fleming, 
F.. M.: Experimental and Clinical Observations on 
Increased Mechanical 
Science 100:387, 1944. 

41. Muirhead, E. E.: Homogenous Renal Trans- 
plants After Bilateral 
Am. J. Med. 13:649, 

42. Muirhead, E. E. 
and Lesch, W.: 


Exper. 


Hematocrit, J. 


Fragility of 


Erythrocytes, 


Nephrectomy ; 
1952. 


abstracted, 
; Jones, F.; Stirman, J. A., 
Hemolytic Anemia of the Dog 
Physiol. 


Following Bilateral Nephrectomy, Am. J. 


173:371, 1953. 
43. Muirhead, E. E.; 
Lesch, W.; 


Cardiovascular 


Stirman, J. A.; 
3urns, M., and 


Jones _- 
Fogelman, M. J.: 
Bilateral Ne- 
Hypertension and 
Other Factors on Pathogenesis, A. M. A. Arch. 
Int. Med. 91:250, 1953. 

44. Muirhead, E. E.: Acute Renal Failure, 
Science Notes, Army Medical Dept. Research and 
Graduate School, 1954, p. 909. 

45. Muirhead, E. E.; Groves, M., and Bryan, S.: 
Positive Direct Coombs Test Induced by 
hydrazine, J. Clin. Invest. 33:1700, 1954. 

46. Simonsen, M.: Biological Incompatibility in 
Kidney Transplantation in Dogs: 


Lesions Following 


phrectomy of Dog: Role of 


Jasic 


Phenyl- 


II. Serological 
Investigations, Acta path. et microbiol. scandinav. 
32:36, 1953. 








EFFECTS OF ETHIONINE INJECTIONS ON PREGNANT 


RATS AND THEIR OFFSPRING 


C. M. LEE Jr., M.D.; J. T. WISEMAN, B.A.; S. A. 
KAPLAN, M.D., and J. WARKANY, M.D., Cincinnati 


ARBER and Popper,* in 1950, observed 

the loss of cytoplasmic basophilia of the 
pancreatic acinar cells and diffuse pancreati- 
tis in rats injected intraperitoneally with 
ethionine. They found that the development 
of pancreatitis could be prevented by simul- 
taneous administration of methionine. In the 
same year, Goldberg, Chaikoff, and Dodge * 
described complete obliteration of the acinar 
pancreatic tissue, accompanied by fibrous 
proliferation, after injections of pL-ethionine. 
These findings, which were soon confirmed 
by other investigators,* suggested the possi- 
bility of producing fibrosis of the pancreas 
in the young of pregnant rats by the injec- 
tion of pt-ethionine during the gestational 
period. It was hoped that the administration 
of ethionine during or soon after develop- 
ment of the fetal pancreas would produce 
disturbances comparable to those seen in 
newborn children with cystic fibrosis of the 
pancreas and, possibly, with meconium ileus. 
Although this objective was not achieved, the 
experiments did yield interesting results, 
which deserve to be recorded. 


METHODS 


Sixty-four pregnant albino rats of a commercial 
strain were injected intraperitoneally with a solu- 
2.5% distilled 


illness 


From the 


tion of pL-ethionine + in water. 
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Attempts were made to establish a dosage and in- 
jection schedule which would damage the maternal 
pancreas, yet permit survival of both mother and 
fetus to the end of gestation. Individual females 
were injected daily with doses of from 25 to 75 mg. 
of ethionine over periods ranging from 1 to 16 days 
in a single pregnancy. The duration of the injection 
period depended upon the response of the female; 
if massive vaginal bleeding was observed and re- 
sorption threatened, injections were discontinued 
completely, or for as long as resorption seemed 
imminent. This commonly occurred around the 15th 
day of pregnancy. The massive vaginal bleeding 
characteristic of resorption can easily be distin- 
guished from the normal blood sign, which is a 
slight discoloration of the vaginal smear, occurring 
between the 12th and the 14th day of gestation. If 
the pregnancy continued, injections were resumed 
and given to the end of gestation. On the Zlst or 
22d day of pregnancy the mothers were killed and 
the young removed by Caesarean section. 

The 64 this 
weighed 190 to 250 gm. at the beginning of the ex- 


female rats injected in manner 
periment. They were fed a diet adequate for growth 
and reproduction. According to treatment and re- 
sults, they can be divided into three groups. The 
six females in Group I received totals of 200 mg. 
of ethionine or less during the entire pregnancy. 

In Group II, 41 rats were given total injections 
ranging from 250 to 850 mg. of ethionine per preg- 
nancy. The most frequent mode of administration 
in this group was daily injection of 50 mg. from the 
9th to the 21st day, amounting to a total of 650 mg. 
(13 rats). But, as 
modifications were necessitated by threatened re- 


stated before, in many cases 
sorption, and the total dose was reduced to from 
250 to 600 mg. (22 rats). Six of the 


given somewhat larger doses, totaling from 675 to 


rats were 
850 mg. per pregnancy, because ethionine had been 
The 
of the females increased normally between concep- 


administered before the ninth day. weights 
tion and the first injection; during the experimental 
period either the weight gain was less than that of 
the controls (which gained an average of 60 gm. 
between the 10th and the 22d day of gestation) or 
there was a loss in weight. 

Group III is comprised of those females which 
resorbed their young completely once or several 
times. When resorption was certain, the injections 
were interrupted and the females remated. During 
the ensuing pregnancy injections were resumed. The 
17 females in this group underwent a total of 37 








ETHIONINE IN PREGNANT RATS 
pregnancies during the course of the experiment. 
The total doses administered to each individual rat 
varied from 750 to 1,350 mg., during two to four 
pregnancies. 

Pregnancy was verified by the discovery of sperm 


in the vaginal smear. The day on which sperm were 






Histologic sections were prepared from the ma- 
ternal pancreas, liver, and kidney in each adult rat. 
In a the glands were also 


studied histologically. The young were formalin- 


few animals adrenal 


fixed and subjected to serial section of the entire 


body in representative samples from each litter. 
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Fig. 1—A, photomicrograph (reduced 4% from mag. X 160) of pancreas of adult female rat 
which received a total of 600 mg. of pL-ethionine from the 10th to the 2lst day of pregnancy. 


This section shows almost complete loss of pancreatic exocrine tissue. 


Note slight mononuclear 


infiltration, scattered residual atrophic acini, and normal islets; B, photomicrograph of section 
from pancreas of one of the young from the mother whose pancreas is illustrated in A. The 
pancreas of the young is essentially normal. Reduced 4 from mag. x 160. 


found was designated as the first day of pregnancy. 
Resorption was <etermined by loss of weight, mas- 
sive vaginal bleeding, or the appearance of estrous 
cells in the vaginal smear. 


No pathologic changes were noted in any of the 
adrenal glands studied. Damage to the liver ranged 
from none to very mild toxic hepatitis, and to the 
kidneys, from none to moderately severe tubular 
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The 


cases. No effort was made to study the renal and 


damage. glomeruli appeared normal in all 
hepatic changes in detail, since these have been 
described by others and were not pertinent to the 
primary purpose of this study. 

Each maternal and fetal pancreas was subjected 
t 


green, and modified aniline blue stains for pancreas 


» closer scrutiny. Bensley’s acid fuchsin, methyl 


were found to be too variable in performance to 


permit satisfactory comparisons, so that hematoxylin 


and eosin sections were utilized for microscopic 


study. A rather constant feature of the degenera- 
tive changes to be described below was an increas- 
ingly basophilic stain of acinar cells, apparently due 
to loss of 


secretory granules and corresponding 


2F3604 


Fig. 2. 


10th to the 22d day of pregnancy 


4.3 gm 


roughly to the severity of the damage. The changes 
were classified in three categories, as follows: 

1. Mild Toxic Pancreatitis- 
ized by mild interstitial edema 


This was character- 
and cloudy swelling 
of the acinar cells. Impairment of clear visualization 
of the zymogen granules was consistently present 
but was found to be difficult of qualitative evalua- 
tion. 


2. Moderate Degenerative Pancreatitis. 


Here the 
interstitial edema was more pronounced, and mono- 
nuclear cell infiltration was frequently striking. The 
architecture of the acini was markedly disturbed, 
with degenerative changes in both cytoplasmic and 
nuclear Loss of 


structure. granules and 


decrease in average acinar cell size were followed 
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by disruption of acini and eventual disappearance 
of both acini and rounded isolated acinar cells 

3. Severe Degenerative Pancreatitis—This con- 
dition was characterized by advanced degenerative 
changes and total destruction of much of the exo- 
crine tissue of the pancreas. Destruction was never 
complete in the mothers killed after a sing!e preg- 
nancy (600 to 850 mg. of ethionine). In two of the 
rats subjected to three pregnancies, with corre- 
spondingly large total doses, no recognizable pan- 
creatic tissue could be found. In all others recogniz 
able, but scattered, groups of acini could be seen, 
uniformly in an advanced stage of degeneration. In 
all these instances the undamaged islets of Langer 
hans stood out prominently in an amorphous edema- 


Control 





A litter of five young (2F 3604) of a rat injected with 650 mg. of ethionine from the 
A control animal is seen on the right. 
and underdeveloped, weighing about 2 to 2.5 gm. each. 


Four young are small 
The edematous young on the left weighed 


tous stroma of loose areolar remnants and cellular 
debris, with a scattered mononuclear cell infiltration, 
largely diffused by edema fluid (Fig. 14) 


RESULTS 

The effect of the ethionine injections was 
evaluated by the mother’s reproductive per- 
formance, by histologic examination of the 
maternal pancreas, and by inspection of the 
young. In general, the results paralleled the 
amounts of ethionine injected. 

Group I.—The six females in this group 
received total doses of ethionine ranging 
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from 25 to 200 mg. They all had normal 
pancreases. Five of them produced large lit- 
ters, netting a total of 54 living young, the 
average litter size of the controls being 
8.4. Two of the fetal pancreases were exam- 
ined and found to be histologically normal. 
\ sixth rat had a litter consisting of 11 


young ; of these, 9 were living but small, and 


2 were dead and edematous. 





Fig. 3.—Edematous of ethionine-treated 


mother. 


young 


—QOf these 41 
during the second half of pregnancy while 


Group II. females, 6 died 


still receiving injections. Of the remaining 
35 mothers, a normal pancreas was found in 
only 2 of those 30 which were examined. 
Moderate damage of the pancreas was found 
in 11 and severe degeneration in 17. 

Of the total 35 surviving mothers, 9 re- 
sorbed their litters completely. The remain- 
ing 26 produced litters totaling 186 young. 





Only 45 of these young were living and nor- 
mal in size, whereas 72 were alive but small 
(Fig. 2). Of the 69 dead young, 10 were of 
normal size and 59 small. Eight newborn 
young were markedly edematous (Figs. 2 
and 3). Nine young were sectioned serially, 
and in five of them congenital defects were 
found. There was a total of three cleft palates, 
two interventricular septal defects, two ocu- 
lar anomalies, and one omphalocele in five 
of the young sectioned. In addition, imma- 
turity of the lungs, the intestine, or the kid- 
ney in seven of these young was noted. Ex- 
found in the 
pleural or abdominal cavities of three sec- 


tensive hemorrhages were 
tioned young. 

Group III.—In the 17 rats comprising 
this group the pancreas was found to be 
moderately damaged in 2 and severely dam- 
aged in 13. The pancreas was not recogniz- 
able on dissection in two rats. 

a total of 
37 pregnancies, but, because of multiple re- 


These 17 mothers underwent 
sorptions, only 6 litters were obtained. None 
of the 31 young produced were of normal 
size. Twenty-four were living but small, and 
6 were dead and small. One young was dead 
and very edematous (weighing 4.3 gm., as 
opposed to an over-all average of 2.0 gm. for 
the litter). 

The pancreases in 26 fetuses derived from 
24 mothers belonging to Groups II and III 
were examined histologically. With the ex- 
ception of one pancreas, which showed mild 
signs of pancreatitis, all were found to be 
normal. 

To test whether susceptibility to ethionine 
differs in different age groups, 22 newborn 
and 20 weanling rats were subjected to ethio- 
nine treatment comparable to that of the 
pregnant females. 

Two litters, comprised of 22 newborn 
rats, were injected intraperitoneally with 
1.0 mg. of ethionine (0.04 cc.) daily from the 
Ist to the 13th day and killed on the 14th 
day of postnatal life. Although a 25-gauge 
needle was used for the injections, there 


was often a seepage of the fluid 


admin- 
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istered, which may explain the variability of 
the results. Eight newborn rats died before 
the termination of the injection period. Of 
the remaining 14, 1 had a normal pancreas 
and 2 Four had 
moderate, and seven, severe degenerative 


had mild pancreatitis. 


changes, although sometimes areas of relative 
preservation persisted. 

Twenty weanling females, fed an adequate 
diet, were injected intraperitoneally with 
2.5 mg. (0.1 cc.) of ethionine solution daily 
from the 21st to the 34th day of postnatal 
life. They were killed on the 35th day. There 
was one normal pancreas, and mild degenera- 
tion was found in two. Moderate pancreatic 
degeneration was observed in 13 weanlings 
and moderate to severe degeneration in 4. 


COM MENT 


These experiments confirm the findings of 
Father and Popper* and of Goldberg and 
associates,’ who demonstrated severe dam- 
age to the pancreas of rats treated by ethio- 
nine injections. Pregnant females receiving 
250 mg. of ethionine or more showed, in 
most instances, pancreatic damage of the type 
described by other authors. The reproductive 
performance of these rats was poor. Many of 
the treated mothers resorbed their young 
early in pregnancy, and those who carried 
their litters to or near the end of gestation 
had many stillborn and undersized young. 
Such offspring were also retarded in devel- 
opment for their gestational age. Occasion- 
ally in a litter of small offspring, one young 
was of almost normal size and weight. It was 
found on 
young were small but enveloped in a coat of 


sectioning, however, that such 


edema fluid, which was responsible for the 
increase in size and for the monstrous ap- 
pearance (Fig. 2). There was a high inci- 
dence of congenital malformations in the nine 


young subjected to serial sectioning. Yet 
these malformations were rather varied and 
did not conform to a definite pattern. The 


young sectioned cannot be considered repre- 
sentative of the entire offspring of ethionine- 
treated mothers, since they were selected for 
sectioning because of their abnormal external 


236 








A. M. A. ARCHIVES OF PATHOLOGY 
appearance. It is not surprising that females 
with severe ethionine damage show such poor 
reproductive performance. Their food intake, 
their digestion, their protein { and lipid me- 
tabolism,§ and their plasma and tissue en- 
Ethionine treatment 
interferes with the growth of young rats,{ 
and it is understandable that it inhibits the 
growth of rat fetuses. 


zymes || are disturbed. 


But it is surprising 
that under experimental conditions which de- 
stroy the pancreas of the mother, differentia- 
tion and growth of the fetal pancreas are 
possible. The differentiation of the pancreas 
begins in the rat embryo on about the 13th 
day and continues its development and 
growth throughout fetal life. Ethionine ad- 
ministered to the mother during this time 
causes severe damage to her pancreatic tissue 
but does not interfere with the development 
and growth of the pancreas of her young. We 
have no explanation for the protection of the 
fetal pancreas and can only speculate on the 
protective factors. It is generally assumed 
that amino acids can pass the placental bar- 
rier,’* but it is possible that ethionine does 
not reach the embryo in a concentration suf- 
ficient to cause damage; or it may be that 
ethionine is changed by the placental tissue 
into a nontoxic compound. Finally, it must 
be remembered that the metabolism of em- 
bryonic tissues differs from that of the adult 
and that an antimetabolite injurious to the 
maternal tissue may be innocuous to that of 
the young. While all these explanations are 
hypothetical, there can be no doubt about the 
relative resistance of the fetal pancreas to 
ethionine. In order to demonstrate a possible 
age factor in this phenomenon of resistance, 
groups of newborn and weanling rats were 
treated with intraperitoneal injections of 
ethionine in doses comparable to those of the 
mothers on a weight basis. While these young 
rats had a high mortality, the pancreases of 
the survivors were generally less injured 
than those of adult female rats. 





t References 1, 12, and 14. 
§ References 5, 8, 10, and 11. 
|| References 1, 2, and 9. 


References 3, 8, and 15. 





ETHIONINE IN PREGNANT RATS 


SUMMARY 

Female rats injected with ethionine during 
pregnancy showed a poor reproductive per- 
formance. There were many resorptions and 
stillbirths, and most of the young found at 


the end of the gestational period were under- 
developed and markedly reduced in size and 
weight. The pancreases of the mothers were 
severely damaged by the ethionine injections, 
but those of the fetuses remained essentially 


normal. Neither congenital pancreatic fibro- 
sis nor meconium ileus could be produced in 
the young by the ethionine injections of the 
mother. 


Dr. Benjamin H. Landing gave help and criti- 
cism in the evaluation of the histologic findings. 
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SQUAMOUS METAPLASIA IN THE RAT 


C. FREDERIC FLUHMANN, M.D., San Francisco 


HE OCCURRENCE of so-called squa- 
mous metaplasia in the cervix uteri and 
endometrium of various species, including the 
human, generally has been considered as 
resulting from identical pathologic lesions. 
The present study in the rat indicates that 
the formation of squamous epithelium in 
these tissues may be elicited with estrogenic 
hormone, but two very different histologic 
processes are involved. 
EXPERIMENTAL PROCEDURES 

\ total of 193 female white rats of the Sprague- 
Dawley strain and from our own colony were em- 
ployed in this study. 
Eighteen normal killed in 
obtain control specimens of the epithelium of the 
vagina, cervix, and cornua at ages of 1, 10, and 20 


rats were order to 


days, during each stage of the estrous cycle, and in 
early pregnancy. 

The experiments were conducted with animals 
castrated between the ages of 21 and 30 days. Of 
these, 18 were studied at periods varying from one 
to three weeks after castration, 76 at intervals of 
a few hours to 21 days following the single injec- 
tions of different doses of estrogenic hormone, and 
8 after different doses of progesterone. The effects 
of the injection of diethylstilbestrol 0.5 mg. in oil 
three times per week were seen in 29 rats treated 
for from 9 to 195 days. A mixture containing 25.0 
mg. of progesterone and 0.5 mg. of diethylstilbestrol 
per cubic centimeter was administered in 0.1 cc. 
doses in various ways to 22 animals, of which 6 re- 
ceived this injection three times weekly for as long 
as 85 days. 
cctipeaeeaitiieiamenes 
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In addition, 22 rats, also of the Sprague-Dawley 
strain and hypophysectomized at 30 days of age, 
were obtained from a commercial laboratory. The 
completeness of the operation was checked by a 
three weeks’ period of observation of the body 
the skull at 
autopsy. These rats were employed to repeat certain 


weight and gross examination of 
of the experiments conducted with the castrates— 
12 after single doses of estrogen, 2 after a mixture 
of estrogen and progesterone, and 6 after diethyl- 
stilbestrol three times weekly, and 2 were unin- 
jected controls. 

The 


given by subcutaneous injection. 


hormones were in oil solution and were 
The progesterone 
used was Proluton (Schering). The estrogen was 
diethylstilbestrol (Lilly), but effects 


also were obtained with plain sesame oil. With few 


estrogenic 


exceptions each rat was given a subcutaneous in- 
jection of colchicine, 0.2 mg., nine to nine and one- 
half hours before killing, a procedure which holds 
mitotic figures in the metaphase and greatly en- 
hances the recognition of those formed during the 
preceding (Dustin’s technique). The 
animals were killed with illuminating gas, and at 


few hours 
autopsy the uteri and vaginas were fixed in forma- 
each 
case a section of tissue 1.5 to 2.0 cm. long was 


lin and stained with eosin-hematoxylin. In 


taken, which included the upper part of the vagina, 
both cervices, and the lower ends of the two cornua, 
and in most instances an additional portion about 
1.0 cm. long of each of the two upper cornua also 
was obtained. They were sectioned horizontally in 
order to show the epithelial lining. A few sections 
from the animals which had received chronic treat- 
ment with estrogen were stained for glycogen and 
mucin with the periodic acid-leucofuchsin technique, 
and for collagen fibers with the Van Gieson stain 


EPITHELIUM OF THE RAT UTERUS 
The double uterus of the rat is composed 
of two distinct types of epithelium: (1) the 
endometrium, lining each cornu and extend- 
ing into the corresponding cervix, and (2) 
the cervicovaginal epithelium, which begins 
at a point 3 to 5 mm. above each external os 
and is continuous with the lining of the 
vagina. There are very definite morphologic 
and biologic differences between these two 
mucosae which become apparent under var- 
ious physiologic conditions or after the ad- 


ministration of the ovarian hormones. 
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1.—Endometrium of the rat under various 
hormonal influences; reduced 3% from mag. x 220. 
A, three weeks after castration. B, immature rat 
20 days of age. C, 33 hours after single injection 
of diethylstilbestrol, 0.033 mg. D, secretory activity 
following injection of estrogen and progesterone 
(48 hours). E, estrous phase in normal cycle. F, 
early pregnancy. 


The endometrium is of Miillerian origin 
and is composed of a surface epithelium con- 
tinuous with tubular glands. It undergoes 
a number of changes which are valuable cri- 
teria of ovarian endocrine function ( Allen‘), 
but the nature of these transformations is 
very different from those of the vagina. They 
involve mostly an increase in size and number 
of cells, which is induced by estrogens, and 
a secretory activity controlled by progester- 
one. These cells are arranged in a single 
layer, and at birth they are of a small em- 
bryonic type. After hypophysectomy or cas- 
tration they undergo a profound atrophy 
(Fig. 14), while the glands are collapsed 
and shrunken, and there is an extensive in- 
filtration of the submucosa with leucocytes. 
In the immature animal and during diestrus 
in the adult the cells vary from cuboidal to 
low columnar and have a dense cytoplasm 
with a basal nucleus (Fig. 1B). Under ade- 
quate estrogenic stimulation in the castrate 
there is an initial period of growth demon- 


strated by large numbers of mitotic figures 
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in both the glandular and the surface epithe- 
lium, and the cells become tall and columnar 
(Fig. 1C). The addition of progesterone 
results in the appearance of secretory changes 
in the cytoplasm, and the nucleus is elevated 
from the base (Fig. 1D). During estrus or 
regression after estrogenic stimulation there 
is a vacuolation of the cells but, in contrast 
to regressive processes in the vagina, there 
is no wholesale desquamation (Fig. 1E). The 
endometrium during pregnancy and pseudo- 
pregnancy may correspond to the picture 
seen after estrogen-progesterone stimulation, 
but more frequently it is characterized by 
low columnar cells with secretory activity 
(Fig. 1F). 

The vagina is also a Miillerian derivative, 
but it is now believed that its lining epithe- 
lium, and probably that of the lower endo- 
cervix, comes from the urogenital sinus. 
Many changes characterize the various stages 
of the estrous cycle, pregnancy, and stimula- 
tion with ovarian hormones in the immature 
animal or following hypophysectomy or cas- 
tration. These histologic transformations are 
sufficiently marked to alter completely the 
character of the epithelium, both in mor- 
phology and in function. In the newborn in- 
fant and after hypophysectomy or castration 
the cells are small cuboidal elements arranged 
in one, or usually two, layers. The adminis- 
tration of subminimal doses of estrogen 
causes a moderate hypertrophy and then a 
rapid proliferation of the cells until they be- 
come arranged in a stratified layer of four 
to six rows. The surface cells become dif- 


Fig. 2.—Junction in the cervix uteri of endome- 


trium (left) and the cervicovaginal epithelium 
(right) in the rat; reduced 35 from mag. x 220. 

A, after diethylstilbestrol, 0.5 mg., three times 
weekly for 37 days. B, eight days after a single 
injection of stilbestrol 0.5 mg. 





ferentiated into tall secreting columnar units, 
the so-called “mucification.” During preg- 
after the administration of pro- 


gesterone or androgen these mucified cells 


nancy or 


become stratified and form multiple papillary 
projections. On the other hand, the adminis- 
tration of one or more units of estrogen 
causes a disappearance of the mucification 
and the development of typical squamous 
epithelium with keratinization. The steps 
leading to this final transition are described 
in more detail later in this paper, under the 
heading ‘““Prosoplasia of the Cervicovaginal 
Epithelium.” Of special significance in com- 
paring this mucosa to the endometrium is the 
massive desquamation of all the layers, ex- 
cept the lower three or four basal cells, which 
follows the cessation of ovarian stimulation. 
This desquamation occurs in both the muci- 
fied and the cornified state and is attended 
with an extensive infiltration with leucocytes 
and vacuolation and disintegration of the 
individual cells. It is seen during metestrus 
in the estrous cycle, following pregnancy 
and pseudopregnancy, and on cessation of the 
administration of ovarian hormones. 

The endocervix is composed of an upper 
portion, with endometrial cells, and a lower 
portion, of vaginal elements. Although it has 
been maintained that the 
tains a “transitional zone” 


endocervix con- 
( Migliavacca *), 
a “gradient from the vagina to the uterus” 
(Hamilton *), and, in the mouse, an “inter- 
mediate area” (Suntzeff and associates‘), 
this difference actually depends only on a 
varying intensity and time of appearance of 
the changes induced by the ovarian hormones. 
With adequate stimulation, the upper part of 
the cervical canal undergoes variations iden- 
tical to those of the endometrium, and the 
lower endocervix responds in the same man- 
ner as the contiguous areas of the vagina. 


It consequently seems more correct to speak 


of “cervicovaginal,” instead of merely “vagi- 
nal,” epithelium. 

The behavior of the two types of epi- 
thelium at their junction in the cervical canal 
demanded special attention because of the 
possibility that under certain conditions the 
one might spread and supplant the other. It 
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was found that the line of demarcation be- 


tween the and the cervico- 
vaginal epithelium remained clear-cut at all 


times and even with wide divergences in 


endometrium 


their endocrine reactions (Fig. 24, B). In 
no case was there an extension of Miillerian 
epithelium from the cornua down to the 
portio vaginalis, as has been claimed in the 
human, or an upward spread of cervico- 
vaginal tissue in the presence of an intact 


Fig. 3.—Endometrium of rats receiving one in- 
jection of diethylstilbestrol, 0.5 mg., three times per 
week. 

1, 96 hours after first injection; reduced 35 from 
mag. 220. 8B, vacuolation of cells (16 days) ; 
reduced 25 from mag. * 220. C, degeneration with 
polypoid outgrowth (37 days); reduced 3% from 
mag 220. D, mitosis in area of degeneration (37 
days); reduced 35 from mag. 440. 


endometrium. However, it does appear that 
squamous epithelium from the cervix can 
extend into the cornua, but only after the 
endometrium 
which follows chronic treatment with estro- 


extensive destruction of the 


genic hormones. 
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SQUAMOUS METAPLASIA OF THE 


ENDOMETRIUM 


The induction of squamous metaplasia in 
the cornua of the rat uterus was first accom- 
plished with estrogenic hormone by Selye, 
Thomson, and Collip * and has been repro- 
duced by several subsequent investigators.* 
In the present study, the rats developing this 
change received one subcutaneous injection 
of diethylstilbestrol 0.5 mg. in oil, three 
times a week. This is a large dose, for a single 
injection causes the vagina to become corni- 
fied in 36 to 40 hours and remain in this 
stage for one week, and reparative processes 
are not completed until the 12th day. 

The changes preceding the appearance of 
squamous epithelium are quite remarkable 
and give a clue to the manner in which this 
transition takes place. The first effect results 
from the growth-stimulating activity of 
estrogenic hormone and is well advanced 
within the first 24 hours. The atrophied cells 
of the castrate rat uterus rapidly hyper- 
trophy, mitotic figures appear in large num- 
bers, and there is an increase in the number 
of cells (Fig. 34). They become very tall 
and broad, with some distended with clear 
fluid and the nucleus compressed and forced 
aside, so that they bulge between neighboring 
cells. Korenchevsky and Hall** have de- 
scribed them as “tumbler cells.” In order to 
accommodate this active growth, the cells 
become stratified into two to six layers and 
form small tufts projecting above the surface. 
The folds of the endometrium do not attain 
the degree reached during pregnancy, but 
they do persist, although less prominently, 
during the subsequent weeks and finally dis- 
appear after some four months. 

The first striking characteristic of this 
process is thus a growth activity, but within 
a few days evidence of the degeneration de- 
scribed in this paper makes its appearance. 
This combination of active growth with dis- 
integration leads to many bizarre histologic 
pictures. 

After one week of intense proliferation 
large numbers of cells show vacuolation. This 


* References 2, 6-11, and 13. 
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change was clearly present on the ninth day, 
and one week later these changes had become 
intensified and widespread (Fig. 3B). They 
resemble those occurring in the regression 


which follows single hormone injections. The 


degeneration is further manifested by many 


cells with swollen, coarsely granular cyto- 


plasm and indistinct outlines (Fig. 3C). 


Fig. 4—Endometrium of rats receiving one in- 
jection of diethylstilbestrol, 0.5 mg., three times 
per week. 

A, area of degeneration forming polypoid out- 
growths (120 days); reduced % from mag. x 112. 
B, squamous metaplasia on surface and in gland 
(37 Days); reduced 35 from mag. xX 112. C, 
squamous metaplasia on surface epithelium (108 
days) ; reduced 35 from mag. « 112. D, squamous 
metaplasia in area of degeneration (30 days); re- 
duced 35 from mag. x 220. 


Some nuclei appear normal, but many show 
karyorrhexis and pyknosis. Normal cells are 
scattered throughout, either singly or in 
small clumps, and a strange finding in such a 
picture is that of mitotic activity (Fig. 3D). 
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This combination of growth and degenera- 
tion at first is seen here and there along the 
surface, and stratified projections jut into 
the lumen, 
(Fig. 44). In time the whole uterine cavity 
the involved. 
Smaller and larger areas become separated 


forming polypoid outgrowths 


and upper endocervix are 
from the underlying submucosa. Leucocytes 
and epithelial cells, singly or in clumps, are 
desquamated free into the lumen. The sub- 
mucosa becomes hyalinized; this change is 
advanced in 30 days and is accompanied by 
a diminution in the number of glands. 
These areas of degenerating tissues with 
intermingled normal cells and cells with 
mitotic figures have been interpreted by 
Migliavacca ** as “syncytium-like” structures 
resulting from a combined stimulation by 
estrogen and anterior pituitary gonadotropin. 
He described them as occurring in the rat 
during prolonged treatment with estrogen, 
and Novak ** has found similar lesions in the 
human accompanying hyperplasia of the 
My 
them as primarily the result of a degenerative 


endometrium. reasons for regarding 
process are (1) that they are found in a less 
marked form during the stages of estrus and 
metestrus of the normal cycle; (2) that they 
occur during regression after stimulation 
with a single dose of estrogen; (3) that the 
individual constituents show unmistakable 
evidence of cellular disintegration in nucleus 
and cytoplasm, and (4) that the vacuoles in 
the individual cells do not contain glycogen 
or mucin, which would indicate functional 
activity. They also are not solely an estro- 
genic effect because a similar break-down is 
with 
androgen, and anterior pituitary gonado- 


seen after long-continued treatment 


tropin is not essential, since these changes 
occur in hypophysectomized animals given 
estrogen. 


The first evidence of squamous epithelium 


is found in small foci either on the surface 
or deep in the glands (Fig. 4B). The foci 
are composed of small clumps of hexagonal 
cells with clear outlines, distinct nuclei, and 
well-stained cytoplasm. Sometimes they as- 
sume a concentric 


arrangement. In most 
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cases they lie directly on the submucosa ( Fig. 
4C), and sometimes they are in the center of 
degenerating areas (Fig. 4D ). The squamous 
epithelium from these foci grows out along 
the exposed surface, once it is firmly estab- 
lished on the submucoa, but some can be seen 
desquamated into the lumen along with other 
cellular detritus. The squamous epithelium 
of the cervicovaginal portion also may extend 
upward into the cornua, but only after the 
surface endometrium has been destroyed. 
This extension occurs as a migration of the 
whole squamous epithelium, and no evidence 
was seen of extension by a subepithelial infil- 
trative growth of the basal layer. 

Islands of squamous epithelium were found 
in varying numbers in all the animals killed 
after nine days. A complete transformation 
of both this 
series, but long strips of metaplastic epithe- 
lium were seen after 103, 179, 188, and 195 


cornua was not obtained in 


days. The cellular degeneration with desqua- 
mation into the lumen, rather than the meta- 
plastic process, always dominated the picture. 
Two rats, one at 188 and one at 195 days, 
at autopsy showed very large swollen cornua, 
The 


however, were composed chiefly of milky- 


which suggested pyometra. contents, 
white secretion with lamellae of keratinized 
cells. 

The six hypophysectomized rats treated in 
this manner with estrogen were killed at 21, 
32, 47, and 60 days, and two died at 30 and 
31 days, respectively. The histologic changes 
did not differ from those found in the cas- 
trates, but the destruction of the epithelium 
was very profound and squamous metaplasia 
occurred only in small islands. At 21 days 
the cornua were much distended with white 
material containing keratinized lamellae. In 
the two 


animals and the two 


killed at 47 and 60 days, enormous pyometra 


which died 


were found, with almost complete destruction 
of the lining epithelium. 

Since only six rats were treated for long 
periods of time with a mixture of diethyl- 
stilbestrol and progesterone, definite conclu- 
sions cannot be made regarding the findings. 
However, progesterone is believed to inhibit 
the formation of squamous epithelium ; hence 
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it is important to note that extensive squa- 


mous metaplasia was seen on the surface and 
in the glands in three animals killed after 
30, 46, and 85 days, respectively. A degen- 
eration of the lining epithelium was observed 
in all the rats treated in this manner, but to 
a less degree than in the estrogen series, and 
the proliferative changes were more in evi- 
dence. The endometrium was thrown up into 
large folds, the glands were hyperplastic and 
many were cystic, and the individual cells 
showed marked hypertrophy and stratifica- 
tion. 

Since there is apparently no information 
available regarding healing processes in the 
endometrium after prolonged treatment with 
estrogen, eight rats were set aside for this 
purpose. They were given one injection of 
0.5 mg. of diethylstilbestrol three times a 
week for 164 days, and one rat was killed at 
9, 16, 25, 39, 51, 64, 78, and 94 days, respec- 
tively, following the cessation of treatment. 
Since the estrogen was in an oily solution, 
a stimulating effect continued for at least 25 
days, judging by the profusion of mitotic 
figures in the basal cells of the vaginal squa- 
mous epithelium. These cells undergoing 
mitosis finally disappeared after the 39th day. 

The induction of islands of squamous epi- 
thelium in the endometrium by prolonged 
estrogenic hormone stimulation is a reversi- 
ble reaction. The foci of squamous metaplasia 
disappeared promptly after discontinuation 
of the injections. They were not seen in any 
of the eight animals, a rather striking finding 
in view of their constant presence after the 
ninth day during the period of treatment. 
The degenerative processes in the epithelium 
with massive desquamation of the cells con- 
tinued until the 39th day, and there was a 
pronounced infiltration of the submucosa 
with leucocytes, eosinophiles, and macro- 
phages laden with blood pigment. This pic- 
ture gradually diminished in intensity, but 
cells with vacuolation and leucocytic infiltra- 
tion were still apparent at 94 days. The 
appearance of large numbers of cells consid- 
ered normal for the castrate could be seen 
after 39 days, and coincidently there were 
numerous mucosal folds and a progressive 
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development of glands. A resorption of hya- 
line tissue with development of a normal 
submucosa was seen after the 25th day, but 
even at 94 days this feature of the reparative 
process could not be considered as complete. 


PROSOPLASIA OF CERVICOVAGINAL 
EPITHELIUM 


The cyclic formation of squamous epithe- 
lium in the vagina of various species during 
the estrous cycle has been recognized since 
the pioneer studies of Stockard and Papa- 
nicolaou in the guinea pig, Long and Evans 
in the rat, and Edgar Allen in the mouse. 
This process is not considered as “squamous 
metaplasia” in the rodent, but the term has 
been applied to some lesions of the cervix 
and the prostate, in the human and in other 
species, which seem to develop in the same 
manner and from the same endocrine stimu- 
lus (Fluhmann **). Consequently, it is de- 
sirable to apply a designation distinct from 
“metaplasia” to this change. The term “pro- 
soplasia,” derived from two Greek words 
meaning “forward” and “to form,” seems 
appropriate and was used in a previous com- 
munication ** as referring to the orderly evo- 
lution of the cervicovaginal epithelium under 
endocrine stimulation. This definition differs 
from its original meaning, but not in a con- 
It apparently was first 
employed in botany by Kiister as referring 


tradictory sense. 


to a highly specialized differentiation of some 
plant growths. Schridde in 1907 then used 
it as connoting the development of certain 
cells beyond the usual normal limits, for in- 
stance, excessive keratinization of the skin 
in pachydermia and leucoplakia (Fischer- 
Wasels 27). 

The various “prosoplastic” changes in the 
rat or mouse cervicovaginal epithelium which 
lead to the formation of squamous epithelium 
have been employed as a test for estrogenic 
hormone. The usual procedure is to study 
the cytology of vaginal scrapings, but in the 
“Fluhmann mucification test” microscopic 
sections of the vagina are employed.'* The 
various steps leading to this end-point have 
been classified into as many as seven cate- 
However, these responses in the 
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hypophysectomized or castrated rat can be 
simplified into four distinct stages. 

Stage 1.—Small atrophic or immature un- 
differentiated cells in one or two layers. They 
are seen in very young, castrated, and hypo- 
physectomized rats or mice. After the ad- 
ministration of estrogen they first hyper- 
trophy and then begin to proliferate (Fig. 
5A). 

Stage 2.—The epithelium is composed of 
a surface layer of columnar mucous cells 


of low or medium height, with an underlying 


Fig. 5.—Stages of prosoplasia induced by estro- 
gen in the cervicovaginal epithelium of castrate rat; 
reduced 24 from mag. Xx 220. 

A, Stage 1, early hypertrophy of surface cells. 
B. Stage 2, surface layer of columnar cells with un- 
derlying small basal cells. C, Stage 3, early differ- 
entiation of basal cells into squamous epithelium. 
In this case the surface columnar cells have not yet 
been desquamated. D, Stage 4, squamous epithelium 
with keratinization. 
cuboidal first 


stratum of small cells. At 


composed of only one or two rows of cells, 
this basal layer increases in depth until the 
columnar cells at the surface are undermined 
by several rows of cuboidal elements ( Fig. 
5B). 

Stage 3.—The 
now undergo differentiation into squamous 
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stratified cuboidal cells 
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epithelium. The surface become 
elongated, with the long axis parallel to the 
surface, and keratinization begins. A middle 
layer of deeply stained hexagonal cells de- 
velops. The basal cells remain small but their 
long axis becomes directed vertically. The 
surface mucous columnar cells are desqua- 
mated at some time during this process but 
they may persist while differentiation takes 
place in the layers beneath them (Fig. 5C). 


TOWS 


Stage 4.—The final stage presents the nor- 
mal three layers of well-differentiated squa- 
mous epithelium with keratinization (Fig. 
5D). 

A complete Stage 4 of squamous epithelium 
is accomplished in 36 hours after the admin- 
istration of one or more units of estrogen. 
The general pattern does not change with 
prolonged treatment, even after 195 days, 
except for the persistence of many mitotic 
figures in the basal layer and excessive des- 
quamation of cornified cells. After discon- 
tinuation of the hormone there is an exten- 
sive vacuolation of the cells of the two outer 
layers of the squamous epithelium and infil- 
tration with leucocytes. In the castrates 
treated for 164 days, this disintegrating pro- 
cess could be seen as long as 94 days after 
the injections had been discontinued. 


COM MENT 


The evidence advanced in these experi- 
ments appears to justify the concept that 
“squamous metaplasia” in the uterus of the 
rat is accomplished by two very distinct 
processes according to the epithelium in- 
volved. 

The prolonged administration of estro- 
genic hormone results in an extensive de- 
generative lesion of the endometrium with 
the appearance of cells, which may correctly 
be considered as “squamous metaplasia.” It 
is, possibly, in the nature of a reparative 
process and is not a specific estrogenic effect, 
since it also can result in the castrate from 
treatment with estrogen and progesterone, 
with androgen (Korenchevsky and Hall '*), 
and in the intact animal with chorionic hor- 
mone (Fluhmann **). Wolbach and Howe *° 
found identical lesions in the rat in vitamin 
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A deficiency, and in other animals it has been 
produced in many organs and tissues as a 
result of atrophy, chronic irritation, and in- 


flammation (Fluhmann **). 


On the other hand, the induction of squa- 
mous epithelium in the cervicovaginal mu- 
cosa is an orderly, progressive cellular de- 
velopment brought about only by estrogenic 
hormone. The term “prosoplasia” is sug- 
gested for this process. 

The usual explanation for the regeneration 
and metaplastic transformation of tissues 
such as the epithelium of the rat uterus, is 
that it is brought about by multipotent cells 
which exist as embryonic inclusions. This 
concept seemingly evolved from _ botanical 
studies which drew attention to “cambium 
cells” arising from undifferentiated zones and 
held responsible for the growth of the tissues. 
The present studies of “squamous meta- 
“prosoplasia” in the rat endo- 
metrium and cervicovaginal epithelium do not 


plasia’” and 


disprove the possible existence of “indifferent 
cells” leading to such changes. Nevertheless, 
it does seem an unnecessary theory, and a 
simpler explanation is that the “indifferent 
cells” actually are the normal cells of the 
epithelium at a stage in their development 
when they are sufficiently mature to divide 
by mitosis but before their complete differen- 
tiation, when they are unable to multiply. 
In other words, at one time in its life cycle 
each normal cell, whether it eventually be- 
comes columnar or squamous or simply 
undergoes multiplication, is an indifferent 
cell. This observation applies particularly to 
prosoplasia of the cervicovaginal mucosa, 
where squamous epithelium appears cycli- 
cally, but also may be applicable to the endo- 
metrium. The tremendous numbers of mitotic 
figures elicited by a single dose of estrogen 
suggests that the normal cells themselves are 
endowed with a multipotency which enables 
them to respond in one direction or the other 
as a result of proper stimulation. For exam- 
ple, Allen, Smith, and Gardner,”* using the 
colchicine technique, saw as many as 1,585 
mitotic figures in one transverse section of 
the immature mouse vagina 37 hours after 
a single injection of estrogen. The appearance 
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of such sections makes one doubt very much 
that special units for proliferation must be 
present, since there are almost as many cells 
with mitotic figures as normal cells. 

The differentiation into two distinct pro- 
cesses leading to so-called “squamous meta- 
plasia” is not merely of academic interest, 
since these findings in the rat may be used 
as prototypes for similar lesions in many 
organs and tissues of other species, includ- 
ing the human (Fluhmann **). The develop- 
ment of islands of squamous metaplasia, such 
as described here, is found widely distributed 
(lungs, bronchi, esophagus, gall bladder, en- 
dometrium) and follows chronic inflamma- 
tion, adenocarcinoma, atrophy, mechanical 
irritation, trauma, excessive and prolonged 
hormonal stimulation, and vitamin A defi- 
ciency. 

In contrast to metaplasia, various stages 
of a process comparable to prosoplasia in the 
rat have been found both in the human and 
in other experimental animals as a result of 
estrogenic hormone stimulation. They have 
been observed in the urethra, paraurethral 
glands, Bartholin’s glands, vagina, and cer- 
vix uteri of the female of many species. In the 
male they have been found, and induced ex- 
perimentally with estrogens, in the urethra, 
prostate, Cowper’s glands, and seminal ves- 
and animals. There is 
also evidence that in both sexes this distribu- 
tion is limited to organs and tissues which 
are derived from the embryonic urogenital 
sinus (Zuckerman **; Fluhmann **). 


icles of men many 


SUMMARY 


A conversion of the mucosa of the rat 
uterus into squamous epithelium is brought 
about with estrogenic hormone by one of 
two different processes according to the area 
involved. 

1. A squamous metaplasia of the endome- 
trium occurs as an indirect effect following 
prolonged treatment with large doses of es- 
trogen. There is, first, an extensive degenera- 
tion of the epithelium, and multiple small 
islands of squamous cells appear which even- 
tually may fuse together and partly line the 
uterine cavity. 
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2. The cervicovaginal epithelium may be 


converted in a short time into squamous epi- 
thelium by relatively small doses of estrogen. 
It is a progressive orderly transformation of 
the whole mucosa, and is a direct hormonal 
effect. The term “prosoplasia” is suggested 
for this process. 

These changes are probably induced be- 
cause of multipotent properties of the orig- 
inal cells and do not necessarily require the 
presence of primitive so-called “indifferent” 
cells. 
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EFFECT OF SWEET PEA MEAL ON 


THOMAS E. BACHHUBER, B.S. 
and 
JOSEPH J. LALICH, M.D., Madison, Wis. 


Ss‘ YRADIC outbreaks of lathyrism were 
first 
cattle.* 


by muscle weakness, paresthesia, and tran- 


later in 
Lathyrism in man is characterized 


observed in man* and 


sient paralysis of the lower extremities.* The 
disease has also been produced in rats by 


feeding various species of pea meal.f In rats 


the toxic Lathyrus factor produces systemic 
osteoporosis, moderate to severe skeletal de- 
formities, and hindlimb muscle spasticity 
with or without paralysis. In addition to 
skeletal deformities, Ponseti and Baird ob- 
served dissecting aortic aneurysms in rats 
fed sweet pea (Lathyrus odoratus) meal.° 
The arterial changes produced by feeding are 
significant because over 50% of the rats 
died of aortic rupture. Any factor present 
in food which is capable of exerting such a 
profound influence on the development of 
bone and the aorta is of general biologic in- 
terest. Utilization of the Lathyrus diet there- 
fore offers an unusual opportunity to study 
The 


present study was undertaken to determine 


the character of the arterial changes. 


the initial site of injury of the aorta and to 
analyze the factors concerned in the produc- 
tion of the arterial alteration. 


METHOD 

Sprague-Dawley rats of both sexes, weighing be- 
tween 36 and 62 gm., were used. Ground pea meal 
twice extracted with water and alcohol was fed to 
LL 
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RAT AORTA 


17 control rats. Ground crude pea meal f{ at a similar 
concentration was fed to 32 test rats. 


Test Diet 
Casein, plain (Borden's) 
Brewers’ yeast (Pabst). 
Crude pea meal 
Cerelose 
Salt, Wesson 
Olive oil 


The following were added to the olive oil per 
kilogram of diet: 0.21 mg. of vitamin A acetate, 
0.26 I. U. of vitamin D, 10 mg. of a-tocopherol, and 
0.15 mg. of menadione (2-methyl-1,4-naphthoqui- 
none). The control diet was similar to the test diet 
except for the water-alcohol- 
extracted pea meal for the crude meal. Both groups 
libitum. A few control 
similar age were killed and examined to compare 
with test rats. Each animal was inspected for 
deformities of the sternum, vertebral column, and 


substitution of 


were fed ad animals of 


femur. The aortae were examined for aneurysmal 
dilatation The 
10% formalin, embedded in paraffin, sectioned, and 
stained 


or rupture. tissues were fixed in 


with Weigert’s 


method for elastic tissue and Mallory’s stain for 


hematoxylin and _ eosin, 


connective tissue. 


RESULTS 

The weight gains in the two groups and 
the cause of death in 20 of the 49 rats are 
shown in the accompanying Table. The con- 
trol and test rats included in the Table were 
chosen to illustrate the differences in re- 
sponse to the two diets which were fed. 

Gross Observations—Neither bony de- 
formities nor aortic rupture was observed in 
17 control rats, 2 of which died after diarrhea 
and malnutrition. As illustrated in the Table, 
extracted pea meal promotes better weight 
gains than the crude meal. All test rats 
developed moderate to severe skeletal de- 
formities. Partial hindlimb paralysis sec- 
ondary to vertebral column deformity oc- 
curred in six rats. Of the 28 test rats, aortic 
aneurysm or rupture was observed in 20 in- 
stances. Fifteen rats died of aortic rupture 


t Obtained from Ferry-Morse Seed Company, 
Detroit. 
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with after 


Three of these 


massive hemothorax. Six died 
diarrhea and malnutrition. 
had aortic aneurysms, and two had abdom- 
inal hernias. In three other rats which ap- 
parently died of malnutrition, two had bleed- 
ing into the urinary bladder and one had a 
fractured leg. Four rats were killed, two of 
which had aortic aneurysms. Four rats were 


fed commercial pellets and are recuperating 
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and abdominal aortae the prominent undulat- 
ing elastic fibrils are parallel to the axis of 
the aorta. On the other hand, in the arch the 
elastic fibers are irregularly aligned with 
respect to the lumen. This peculiar alignment 
is undoubtedly related to the origin of large 
vessels at this site. The spaces between the 
elastic fibers contain a hyaline material com- 
posed of collagen fibers, ground substance, 


from malnutrition. At autopsy, only minimal and smooth muscle. The intima and ad- 


Effect of Crude Pea Meal on the Aorta 


Microscopic Examination of Arch 





Frag- 
men ted 
Elastic 
Fibers 


Weight, Gm 
Days on - 
Diet Initial 


Medial 
Hemor- 
rhage 


Medial 
Edema 


Mural 
Thrombus 


Intimal 
Fibrosis 


Cause of 
Death 


Control 
Killed 
Killed 
Killed 
Killed 
Died 
Killed 
Killed 
Killed 
Killed 
Killed 


Final 


41 41.9 
37 41.8 
101 59.1 
101 54.1 
49 18.6 
32 50.4 
42.6 
48.3 
44.0 
43.0 


135.0 
134.0 
162.0 


184.0 


128.0 
143.3 
125.1 
114.3 
103.3 


Test 
Ruptured 
aorta 
Ruptured 
aorta 
Malnutri- 
tion 
Ruptured 
aorta 
Ruptured 
aorta 
Ruptured 
aorta 
Diarrhea 
aneurysm 
Fractured 
femur 
Killed 
Diarrhea 
hematuria 


and 


subcutaneous retroperitoneal fat was 
observed in the test rats. Bronchopneumonia 
was observed in only 2 of 49 animals. All but 
one of the aneurysms originated in the as- 
Neither 
intravascular 


cending or the transverse aorta. 


aneurysmal dilatation nor 


hemorrhage was observed in the abdominal 
aorta. 
all the le- 


sions were observed in the region of the 


Microscopic Findings.—Since 


arch, it seems desirab'e to describe this area 
in some detail. In the ascending, descending, 
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ventitia are poorly developed structures in a 
rat aorta, and so our description refers 
largely to media. Variations of the aorta at 
its origin were noted. 
supported 


The aorta may be 


by cardiac muscle, connective 


tissue, or fat in varying degrees (Figs. 3 
and 4). At times medial width was not re- 
duced, whereas in almost half of the rats 


moderate reductions in caliber 


served (Fig. 4). 


were ob- 


The early alterations which were observed 
in rat aortae probably occurred in the fol- 
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t 158 died « 
thorax after a diet of crude pea meal for 35 days. 
Note the massive hemorrhage around the arch and 
thoracic aorta. 


Fig. 1.—R f aortic rupture and hemo- 


lowing sequence. Medial edema and swell- 
ing followed by fragmentation of the elastic 
fibers appear first. Once the media is suff- 
ciently weakened, dilatation or dissecting 
After 
aortic dilatation, the focus of weakness may 


medial hemorrhage may develop. 
be repaired by intimal, medial, or adventitial 
granulation tissue leading to fibrosis. It was 
noted that when the dissecting medial hem- 
orrhage was rapidly progressing healing by 
fibrosis was absent or minimal. Even though 
medial hemorrhage and aneurysmal dilata- 
tion were often associated, either process 
could Inflammatory 
cells were present only when medial rupture 


occur independently. 


Fig. 2.—Rat 162 died after aortic rupture after 
46 days on the test diet. Heart, lungs, and thoracic 
blood clot. The rupture occurred in an aneurysm 
of the aortic arch. The clotted blood found in the 
thorax has formed a cast of the heart. 








AORTA 





Fig. 3—Rat 125 died of malnutrition after 61 
days on crude pea meal. Section taken through 
aorta, aortic valve, and base of the left ventricle. 
The aorta is normal in this area. The photograph 
shows variation in the thickness of the media and 
the attachment of the myocardium on the adventitial 
surface. Weigert elastic tissue stain; x 60. 


Fig. 4—Rat 167 killed after 67 days on control 
diet. Section includes the aorta, the valves, and the 
base of the heart. The support of the aorta by myo- 
cardium and the width of the media are variable. 
Such variations are normal. Weigert; x 35. 
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Fig. 5.—Section of thoracic aorta from the same 
animal. Note that the adventitia on the right and 
the intima are poorly developed structures in a rat 
aorta. The interstices are relatively inconspicuous, 
whereas the elastic fibers constitute the major com- 
delineate its borders. 


ponent of the media and 


Weigert; x 300 


Fig. 6.—Aorta taken from thoracic region of Rat 
125 (Fig. 3). The increased width of the media is 
due to enlargement of the interstices by edema fluid. 
Weigert; x 300 
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and periaortic hemorrhage were contained by 


adventitial fibrosis. The incidence of signifi- 
cant alterations of the aorta is as follows: 


17 28 

Control Test 

ar = ne ee 12 
Fragmentation of elastic fibers....... 15 
Medial hemorrhage. 2 13 
Intimal fibrosis.... q 10 
Hyaline thrombi... 3 


COMMENT 
We believe that the Lathyrus diet exerts 
a marked influence on the integrity of the rat 


Fig. 7—Rat 127 killed after 37 days on the con- 
trol diet. Section of the transverse arch and a large 
branch of a normal aorta. At the origin of a major 
arterial branch the elastic fibers are irregularly 
aligned with respect to the aortic lumen. Weigert; 
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aorta for several reasons. In previous stud- 
ies even minor alterations of the aorta in 


senile rats were rarely encountered.’® Spon- 
taneous sclerotic alterations have been ob- 


served in pulmonary, coronary, and mesen- 
teric arteries.§ In our study the majority of 
3- to 4-week-old rats developed marked 
degeneration and medial hemorrhage of the 
aorta within 27 to 68 days, when fed crude 
pea meal. 


§ References 10 and 11. 
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EFFECT OF SWEET PEA MEAL—RAT 
The toxic factor in sweet peas was first 
isolated by Dupuy and Lee ** and later iden- 
tified and 
Strong.*® 


synthesized by Schilling and 
The Lathyrus factor is 
8(N-y-L-glutamyl) aminopropionitrile. The 
synthetic compound prepared by these work- 


toxic 


ers was found to be equally as effective in 
producing osteoporosis and skeletal deform- 
ities as the crystalline extract or crude pea 
meal. || At present it is not certain whether 
the toxic factor alone is capable of producing 
arterial degeneration or whether it may be 





Fig. 8.—Rat 136 died after hemothorax after 43 
days on the test diet. Section of aorta and aortic 
valve. There is separation of the elastic fibers by a 
dissecting hemorrhage in the ascending aorta. The 
valve does not contain elastic fibers. Weigert; « 125. 


accelerated by the other constituents which 
There are several 
observations to suggest that the effect of the 
toxic Lathyrus factor on arteries is modified 


are included in the diet. 


by both the type and the concentration of 
proteins included in the diet. For example, 
in a previous study, when crude pea meal or 
extracts of pea meal were fed to rats, aneu- 
rysms were observed in 3 of 60 test rats."* 
Examination of the diets used disclosed the 
fact that only rats which were fed crude pea 


|| Schilling, E. D.; McKay, G. F., 
F. M.: Unpublished observations. 


and Strong, 
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Fig. 9—Rat 143 died of aortic rupture after 31 
days on crude pea meal. Section taken through the 
arch. At the site of rupture the elastic fibers are 
fractured. Adventitial fibrosis in this case is absent. 
Weigert; x 200. 


Fig. 10.—Rat 149 killed after 61 days on the con- 
trol diet. Section through the aortic arch. The elastic 
fibers in the media are fragmented, and marked inti- 
mal fibrous hyperplasia has Weigert; 

150. 


occurred. 








Fig. 11—Rat 144 died of aortic rupture after 31 
days on the test diet. Section through the ascending 
arch. In this case there are both intimal and ad- 
ventitial fibrosis in response to injury. Hematoxylin 
and eosin stain; x 150. 


meal or extracts in combination with 10% 


casein developed aneurysms. When Ponseti 


and Baird produced aneurysms in rats, they 
fed either brewers’ and pea meal, 
alone or in combination with 10% casein.° 
These authors did not consider the possi- 
bility that the associated crude casein might 
be exerting an inhibitory effect on the toxic 
factor in the production of either arterial or 


yeast 


osseous change. It was possible to increase 
markedly the incidence of aortic aneurysm or 
rupture in the present study by employing 
10% casein. This finding is in keeping with 
Dasler’s observation that casein exerts some 
protective effect against the development of 
osteoporosis in Lathyrus-fed rats.* Medial 
hemorrhage in two control rats may have 
been due either to incomplete extraction of 
the water-alcohol soluble toxic factor or to 
a deficiency of some other essential dietary 
constitutent. We favor the latter possibility 
because the bones, on gross inspection, were 
normal in the control Irrespective 
of the mechanisms by which the toxic Lathy- 
rus factor may exert its influence, there is 
no doubt that this substance in crude pea 
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rats. 
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meal accelerates and exaggerates the devel- 
opment of aortic degeneration. 
Comparison of changes observed in rat 
aortae fed the Lathyrus factor with human 
arteriosclerosis indicates that some similar- 
ities are present. Aneurysmal dilatation with 
or without intimal hyperplasia, which was 
observed in rats, is also seen in human ar- 
teriosclerosis.** The frequent occurrence of 
medial hemorrhage in rat aortae, although 
more extensive, is in agreement with hemor- 
rhages that have been described in or around 
areas of arteriosclerosis in man.'* In man, 
arteriosclerotic 
plaques probably originates from preexistent 
vasa vasorum, whereas in rats we believe 
that medial hemorrhage is secondary to a de- 
terioration and rupture of the intima and 
media. Even though aortic rupture or aneu- 
rysm did not occur distant to the arch, focal 
medial edema and elastic fiber swelling or 
fragmentation were commonly observed in 
the abdominal aorta. Mural thrombosis has 
been invoked to explain the occurrence of 
arteriosclerotic plaques.§ Hyaline mural 


medial hemorrhage about 


{ References 17 and 18. 


Fig. 12.—Adjacent section to that shown in Fig- 
ure 11. The elastic fibers illustrate the width of the 
original media. Elastic connective tissue is not pres- 
ent in the areas of intimal and adventitial fibrosis. 
Weigert; x 130. 
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EFFECT OF SWEET PEA MEAL—RAT 
thrombi when observed in rat aortae, were 
secondary to extensive degeneration and de- 
Mural 


were searched for in the thoracic 


struction of the media and intima. 
thrombi 
and abdominal aortae without success. Hy- 
pertrophy of the intima due to fibrous hyper- 
plasia, which occurs in man,'® was also seen 
in rat aortae. Intimal fibrosis or endothelial 
hyperplasia in the rat, however, occurred only 
in the arch of the aorta after medial injury. 
One of the most important observations in 
this study is that the intimal potential for 
fibrous and endothelial hyperplasia is tre- 
mendous following injury. Furthermore, 
the intimal hyperplasia is a manifestation of 
healing in response to injury. Our findings 
are in agreement with observations made 
after direct arterial trauma in animals # and 
the 


sions in 


spontaneous appearance of similar le- 


man.** Neither lipophages nor 
cholesterol clefts were observed in these early 
lesions of intimal hyperplasia. This does not 
exclude the presence of minimal quantities of 
fat or lipids in such areas; however, it is 
reasonable to assume that, in the rat, medial 
degeneration and fibrous intimal plaques can 
develop in the absence of excessive collec- 
tions of either fat or lipid. The frequency 
with which medial hemorrhage occurs in the 
Lathyrus-fed rat, however, does offer an 
opportunity to resolve whether intimal ar- 
teriosclerotic lipid plaques form in areas of 
old hemorrhage, as suggested by Winternitz 
and associates.'® 

SUM MARY 


Water-alcohol-extracted sweet pea meal 
was fed to 17 contrels and crude pea meal 
to 32 test rats. Neither bony deformities nor 
rupture of the aorta was encountered in 17 
control rats. All of the test rats developed 
moderate to skeletal deformities. 


Aortic aneurysm or rupture was observed in 


severe 


20 of 28 test rats. In our opinion the arterial 
degeneration induced by diet probably occurs 
in the following manner. Medial edema and 
fragmentation of elastic fibers occur first. 
After weakening of the media, either aneu- 
rysmal dilatation or medial hemorrhage, or 





# References 20 and 21. 
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both, may develop. The fibrous connective 
tissue proliferation, which may occur in the 
intima, the media, or the adventitia, is an 
early manifestation of healing in response to 
injury. The toxic factor probably acts in- 
directly because the production of arterial 
degeneration is modified by the concentra- 
tion of casein included in the diet. 
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LYMPH NODE STRUCTURE IN CONTROL 
TUMOR-BEARING CFW MICE 


MAURICE M. BLACK, M.D. 

and 

FRANCIS D. SPEER, M.D., New York 

With the Technical Assistance of Jean Watts, B.A. 


HE AXILLARY lymph nodes from 

different cases of human breast cancer 
show marked variations in the prominence 
of primary follicles, the degree of sinus his- 
tiocytosis, and the cellular and degenerative 
changes in the pulp.t Variability in the mi- 
croscopic appearance of the regional lymph 
nodes was also found among different cases 
of human gastric carcinoma.? However, the 
consecutive series of breast cancer cases dif- 
fered from the gastric cancer series in regard 
to the relative incidence of sinus histiocytosis 
and follicular hyperplasia in their respective 
regional lymph nodes. In the former series 
the incidence of a marked degree of sinus 


histiocytosis was about 30%, whereas such 


findings were rarely observed in the lymph 
In both 
groups, however, the finding of sinus his- 


nodes in the gastric cancer series. 


tiocytosis was associated with good survivals 
\ similar correlation be- 
the 
nodes and a good survival was also observed 


in almost all cases. 
tween sinus histiocytosis of regional 
in cases of melanoma and thyroid carcinoma. 


These findings suggested that sinus his- 
tiocytic reactions in the regional lymph nodes 
of cancer patients represented a visualization 
of some type of host resistance to the tumor. 

It therefore seemed pertinent to ask (a) 
whether or not such changes occurred in the 
lymph nodes in noncancer cases, (>) whether 


such changes are limited to the regional 


From the Department of Pathology, New York 
Medical College, Flower and Fifth Avenue Hos- 
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AND IN 


lymph nodes in cancer cases or are found 
in other or all nodes, and (c) whether malig- 
nant tumors of different types growing in 
similar regions induce such changes in their 
draining lymph nodes with equal regularity. 
Since it is almost impossible to obtain any 
appreciable number of lymph nodes from 
different sites from normal persons, it ap- 
peared that any attempt to answer the above 
questions would have to employ experimental 
animals. We therefore initiated an investiga- 
tion of the microscopic structure of various 
lymph nodes in control and tumor-bearing 
mice. 

MATERIALS 


AND METHODS 


A total of 204 CFW mice were empleyed in this 
45 control 
females weighing 21.3 to 36.2 gm., 45 control males 


investigation in the following groups: 


weighing 20.0 to 38.9 gm., and 66 females bearing 
The 
weighed 22.5 to 45.7 gm. The tumors ranged from 


spontaneous mammary tumors. tumor mice 
0.1 to 6.5 gm., with a mean weight of 1.33 gm. In 
addition, 4 females and 44 males bearing subcuta- 
neously implanted sarcoma 180 (S180) were also 
studied. The tumors were implanted in the region 
of the right axilla and allowed to grow for periods 
of 7 to 32 days before the mice were killed. The 
weights of these tumors ranged from 0.2 to 4.5 gm., 
with a mean weight of 1.56 gm. 

The mice were killed by crushing the cervical 
spine, and the lymph nodes were removed from both 
axillae and both inguinal regions. The nodes were 
labeled as to their site of origin, and, in the case of 
the tumor-bearing mice, notation was made as to 
the node group in closest proximity to the tumor 
This procedure allowed a comparison to be made 
of the structure of the regional nedes with that of 
the more distant nodes. The lymph nodes were fixed 
in 10% neutral formalin, and routine paraffin sec- 
tions were prepared and stained with hematoxylin 
and eosin. 


The lymph node structure was classified accord- 
ing to the degree of prominence of the follicles and 
sinus histiocytosis. The grading system employed 
was the same as that described previously in our 
studies of human lymph nodes, viz., from 0 to 4 +.* 


TL 


* References 1 and 2. 
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A zero reading for sinus histiocytosis indicates that 
no sinus histiocytosis was found in any of the lymph 
nodes in the group, either because no sinusoids were 
observed in the sinusoids, 
when present, were empty or filled with inflamma- 
tory cells and vacuolated histiocytes. A 4+ sinus 


histiocytosis indicates that one or more of the nodes 


nodes or because the 


from a particular area shows marked prominence 
of the sinusoids which are compactly filled with 
large histiocytes having a finely granular eosino- 
philic staining cytoplasm and a vesicular nucleus 
which usually contains a fairly prominent nucleolus. 

A zero follicular reading indicates that none of 
the lymph nodes of a group show follicles. A 4+ 
follicular reading indicates that at least one of the 
nodes shows very prominent follicles with secondary 
centers. Intermediate values for follicular promi- 
nence and sinus histiocytosis were designated in 
relation to the two extremes of the scale. 


TABLE 1 


series the tumor ages varied from 7 to 32 


days. Ten of the tumors had been growing 


from 20 to 32 days and ranged in weight 
from 1.0 to 4.5 gm. (mean weight 2.6 gm.), 
except one tumor, which weighed only 0.3 
gm. However, in none of the 48 mice in the 
entire S180 series was sinus histiocytosis 


greater than 2+ 


found in the lymph nodes 
examined. 
In the 


the exact age of the tumors was not known, 


spontaneous breast tumor series 
since the tumors were present at the time of 
the Carworth 
the 


tumors may be roughly correlated with their 


from 
the 


purchase of animals 


Farms. However, since size of 


age, it is possible to draw certain pertinent 


Per Cent Incidence of Various Degrees of Sinus Histiocytosis 


and Follicular Hyperplasia of Lymph Nodes 


Sinus Histiocy tosis 


Control 
Male.... 
Female... 

Breast cancer 

S180 
Male 
Female 


* Based on highest reading found in any node. 


RESULTS 

In Table 1 we have indicated the per cent 
incidence of the various degrees of sinus 
histiocytosis and follicular hyperplasia found 
in the various groups of mice. In this listing 
we have employed the highest reading ob- 
served in the various nodes removed from 
the individual animal. In the control mice 
and in the mice bearing S180, the occurrence 
of sinus histiocytosis equal to or greater than 
2+. was a rarity, observed in only 2 mice of 
the 138 in these categories. 

In the females bearing spontaneous breast 
tumors, this degree of sinus histiocytosis in 
lymph nodes was found in 40% of the 66 
animals studied. 

It is conceivable that the age and size of 
the tumors might be a factor in the appear- 
ance of sinus histiocytic reactions of the 
lymph nodes. In this regard the following 


data should be considered. In the S180 


Follicles * 


available. Of 29 


mice bearing breast tumors weighing 0.1 to 


conclusions from the data 


1.0 gm. (mean weight 0.57 gm.), sinus his- 


than 2-4 


tiocytic reactions greater 
found in 12 (41%). 


tumors weighing 1.1 to 4.4 gm. (mean weight 


were 


In those mice bearing 


1.95 gm.), the incidence of sinus histiocytosis 
greater than 2+ was 9/24, or 38%. Thus, 
there does not appear to be any correlation 
between tumor size per se and incidence of 
sinus histiocytosis. Since sinus histiocytic 
reactions of the lymph nodes were not found 
in mice bearing S180 within the age groups 
of 7 to 32 days and tumor weights of 0.2 
to 4.5 gm., whereas mice of the same strain 
bearing spontaneous mammary tumors 
showed sinus histiocytic reactions even when 
the tumor size (and presumable age) was 
minimal, the lymph node structure seemed 
to be more closely related to the tumor type 


than to tumor age or size. 





In contrast to this marked difference in 
the incidence of sinus histiocytosis, the inci- 
dence of follicular hyperplasia did not show 
any such distinction between the spontaneous 
tumor group and the various controls. 

In Table 2 we have indicated the incidence 
of sinus histiocytosis readings equal to or 
greater than 2+-, as observed in the various 
node groups examined. These data indicate 
that the axillary nodes are much more prone 
to show such structural changes than are 
the inguinal nodes. It will also be noted that 
this degree of sinus histiocytosis was ob- 
served most frequently in the axillary nodes 
on the same side as the tumor, although the 
difference between the tumor side and the 
contralateral side was small. Furthermore, 
a comparison of the degrees of sinus histiocy- 
tosis of the axillary nodes from the side of 
the breast tumor with those of the contra- 
lateral side, in individual cases, revealed the 
following facts: The lymph node reading of 
the tumor side was greater than that of the 
contralateral side in 34% of the cases, equal 
in 45%, and less than that of the contra- 
lateral side in 22%. Thus, in the majority 
of cases, the degree of sinus histiocytosis in 
the axillary lymph nodes of the contralateral 
side was at least equal to that found in the 
nodes on the same side as the tumor. 


Additional information bearing on the in- 
cidence of sinus histiocytosis of the axillary 
lymph nodes in relation to the tumor site is 
presented in Table 3. It will be noted that 
sinus histiocytic reactions were found in the 
axillary lymph nodes in almost one-third of 


the cases in which the primary tumor was 


Tasie 2.—Per Cent Incidence of Sinus Histiocytosis 


Two Plus 


Greater Than 


Axillary Inguinal 


Group Right Lef Right Left 
Control 
Male..... 


Female...... 
Breast cancer * 
S180 * 

Male. 

Female 


* In the tumor-bearing mice, the tumor side is desig- 
nated as the right side; the contralateral side is indicated 
as the left 
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Tas_e 3.—I/ncidence of Sinus Histiocytosis of Axil- 
lary Lymph Nodes in Relation to Tumor Site 


Sinus 
Histioeytosis Tumor Wt., Gm. 
Cases, - - -- _ ‘ —_——, 

Site No. No % Range Mean 
Axilla. 7 $ 53 0.2-4.4 1.2 
Flank..... é 1.2 1.2 
Inguinal region 26 31 0.4-6.5 2.0 
Multiple 0.5-1.9 1.1 


located in the inguinal region. Despite this, 
however, the inguinal nedes failed to show 
such reactive changes, regardless of the im- 
mediate proximity of the primary tumor. 


In 16 of the 


mice bearing spontaneous 
breast carcinomas, metastases were found in 
the lungs. It is interesting to note that in 
none of these cases did any of the lymph 
nodes show sinus histiocytosis equal to or 
Only 4 of the 16 cases 


(25% ) had sinus histiocytosis equal to or 


greater than 3-+-. 
greater than 2+. In the remaining 50 cases 
in which no metastases were found, the com- 
parative values were as follows: sinus his- 
tiocytosis equal to or greater than 2+-, 44% ; 
equal to or greater than 3+-, 22%. 

It should also be pvinted out that those 
mice having the higher degrees of sinus his- 
tiocytic reaction of their lymph nodes did 
not have proportionately larger and more 
necrotic tumors. If anything, the reverse was 
more frequently the case. 


COM MENT 


It is evident from the above data that sinus 
histiocytosis equal to or greater than 2+ was 
rarely observed in the axillary or inguinal 
lymph nodes from control male or female 
CFW 


of approximately 40% of the mice bearing 


mice. In contrast, the lymph nodes 
spontaneous mammary tumors showed sinus 
histiocytosis equal to or greater than 2+. 
Since these mice were of the same strain and 
of similar age and weight, the occurrence of 
an appreciable incidence of sinus histiocytosis 
in the tumor group and its virtual absence 
in the control groups is of particular signifi- 
cance and strongly suggests a cause-and- 
effect relationship. 

That sinus histiocytosis is not simply a 
nonspecific reaction to a growing tumor with 
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its attendant tissue and tumor necrosis is 


indicated by the observations on the lymph 


nodes from the mice bearing implanted $180. 
The lymph nodes from this group failed to 
show any appreciable incidence of sinus his- 
tiocytosis of their axillary or inguinal nodes. 
These data provide further indication of the 
differences between the biological phenomena 
involved in transplantable and spontaneous 
tumors.* 


It should be emphasized that, despite the 
fact that the lymph nodes showing sinus his- 
tiocytosis came almost exclusively from mice 
bearing spontaneous tumors, the corollary is 
not true, since less than half of the mice bear- 
ing the breast tumors had sinus histiocytosis 
of an appreciable degree. This variability 
in lymph node reactivity in the presence of 
apparently identical tumors is in conformity 
with our observations in human cancer 
cases.f 

The that 
lymph nodes from different sites in the same 


present study also indicates 
animal may react differently to similar stim- 
uli. Thus, the inguinal lymph nodes were 
much less prone to show sinus histiocytosis 
than were the axillary nodes, despite the fact 
that many of the tumors were in close prox- 
imity to the inguinal region. 

Since the axillary lymph nodes on the side 
of the tumor tended to show a somewhat 
higher degree of sinus histiocytosis than did 
the contralateral lymph nodes, it might be 
inferred that sinus histiocytosis represents a 
purely local reaction of the draining lymph 
nodes. However, the phenomenon seems 
more complex than this, since the contra- 
lateral lymph nodes showed sinus histiocy- 
tosis equal to or greater than 2+ in 21% of 
the mice breast 


bearing the spontaneous 


tumors. Further, in individual cases the 
lymph node structure on the contralateral 
side was similar to that of the tumor side in 
the majority of the mice studied. These data 
would indicate that nodes at some distance 
from a tumor may participate in the sinus 
histiocytic reaction. We have also observed 
similar examples of sinus histiocytosis of 
a 


+ References 1 and 2 


distant nodes in individual human cancer 
cases. On the basis of the present study and 
our previous human studies, it would seem 
that the occurrence of sinus histiocytic trans- 
formations is influenced by the following fac- 
tors: (a) the primary stimulus (tumor), (>) 
the distance from the tumor, and (c) the in- 
trinsic responsiveness of the node itself. In 
regard to the last point, however, it should 
be mentioned that we have observed sinus 
histiocytosis in lymph nodes from a wide 
variety of sites, viz., axillary, inguinal, mes- 
enteric, and cervical. It would therefore seem 
that the 
changes in lymph nodes reflects the interplay 


occurrence of sinus histiocytic 
of factors of both local and systemic origin. 

Reference should also be made to the find- 
ing that sinus histiocytosis was less promi- 
nent and less often found in the tumor mice 
with lung metastases than in those without 
such dissemination. This observation is in 
accord with our findings in cases of human 
breast carcinoma, wherein the cases with 
sinus histiocytosis of the axillary nodes had 
a lower incidence of metastatic dissemination 
and superior survivals. The converse was 
true; namely, those cases with metastatic 
dissemination had a lower incidence of sinus 
histiocytosis than those without such dis- 
semination. 

The failure to find any appreciable change 
in the follicular prominence of the nodes of 
the different groups would lend further 
weight to the idea that sinus histiocytosis of 
the axillary nodes in breast cancer cases rep- 
resents a relatively specific type of response 
related to the presence of the tumor. Cer- 
tainly, further work on the factors responsi- 
ble for the appearance of this type of lymph 
node reaction appears indicated. It might 


be mentioned that thus far we have been 
unsuccessful in our attempts to induce this 
type of response in the lymph node of mice 
by the implantation of heterologous tumors. 


While 


marked degree are uncommonly observed 


sinus histiocytic reactions of a 
except in the presence of a malignant tumor, 
we are not implying that this 1s an exclusive 
and necessarily unique cause-and-effect re- 
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lationship. Furthermore, the present data do S180. The inguinal lymph nodes did not 
not allow conclusions as to whether we are show such change, even in mice with breast 
dealing with a primary relationship or carcinoma. 


whether there are more generalized systemic No significant difference was observed in 
factors operable, such as adrenal alterations. the degree of follicular hyperplasia in the 
different groups of mice. 
SUMMARY aa : , 

ate) . The findings are discussed in terms of the 

7a¢ y? re . > > rree “7 * . 4 

An investigation was made of the degree specificity of the reaction and the biological 
of sinus histiocytosis and follicular hyper- 

: = : - phenomena involved. 
plasia of the axillary and inguinal lymph 
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News and Comment 


ANNOUNCEMENTS 


Symposium on Antimetabolites.—A symposium on The Antimetabolites—Their Modes of 
Action and Therapeutic Implications will be held in the Biltmore Hotel, New York, on Tuesday, 
March 1, 1955, under the auspices of the National Vitamin Foundation, Dr. Robert S. Goodhart, 
Scientific Director. The following program is planned: 

Morning Session: Chairman, Dr. Paul L. Day, University of Arkansas, Little Rock, Ark 

1. Anti-Vitamin-E Stress Factors as Related to Fatty Peroxides. 
E. L. Hove, Alabama Polytechnic Institute, Auburn, Ala. 
2. Thiamine Antagonists 
L. R. Cerecedo, Fordham University, New York 
3. Vitamin K Antagonists 
K. P. Link, University of Wisconsin, Madison, Wis 
4. Folic Acid Antagonists 
J. H. Burchenal, Memorial Center for Cancer and Allied Diseases, New York 


Afternoon Session: Chairman, Dr. R. W. Heinle, The Upjohn Company, Kalamazoo, Mich. 
1. Purine and Pyrimidine Antagonists. 
G. H. Hitchings, The Wellcome Research Laboratories, Tuckahoe, N. Y. 
2. A Naturally Occurring Antimetabolite of Methionine in the Causation of a Disease. 
D. W. Woolley, The Rockefeller Institute for Medical Research, New York. 
Pantothenic Acid Antagonists. 
O. D. Bird, Parke, Davis & Company, Detroit. 
. Vitamin B. Antagonists. 
W. W. Unbreit, Merck Institute for Therapeutic Research, Rahway, N. J. 
5. Riboflavin Antagonists. 
J. P. Lambooy, The University of Rochester, Rochester, N. Y. 





DECLINE IN MORTALITY FROM SYPHILIS IN MINNESOTA 


E. T. BELL, M.D., Minneapolis 


HERE has been a progressive decline 

in the incidence of syphilitic infections 
since about 1939. In New York State (ex- 
clusive of New York City) de Mello and 
Vought? noted a decrease of the reported 
cases of early acquired syphilis from 38.6 
per 100,000 population in 1936 to 2.8 in 1952. 
During this period the reported cases of late- 
acquired syphilis decreased from 196 to 41.5 
and congenital syphilis from 22.0 to 2.1, per 
100,000 population. 

Cowan and Shaw ? found a decrease in the 
reported cases of primary and secondary 
syphilis in Michigan from 79 in 1946 to 4 
in 1925 per 100,000 population. Total syphi- 
lis declined from 321 in 1944 to 112 in 1952 
100,000 


Gray and associates * 


per population. In Mississippi, 


found the incidence 
of syphilis in pregnant Negro women 21% 
in 1938 and 10.9% in 1948. The rate of fresh 
reported to the U. S. Public 
Health Service * declined 90% between 1947 


infections 


and 1952. The total reported cases of syphi- 
lis in the Continental United States declined 


from 486,000 in 
(Moore °*). 


1941 to 169,000 in 1952 
As to the mortality from syphilis there 
Usilton 
found that the total reported 


is much less available information. 
and associates ‘ 
rm 

Department of Pathology, University of Min- 
nesota 


Aided by 


Service 


a grant from the U. S. Public Health 


TABLE 1 


1981-1940 —_— -— 
Deaths from 

Autop Syphilis 
sies, ~ 


No No 


736 1 0.14 
1,168 21 1.80 
2,132 56 2.63 
2,538 76 3.00 
2,498 44 1.71 
2.001 10 0.50 

OM 1 0.17 
10,332 207 2.00 


—Deaths in Males Due to Syphilitic Aortitis and Neurosyphilis From 


deaths from syphilis in the Continental 
United States had decreased from 15.0 per 
100,000 population in 1939 to 8.0 in 1948; 
white males, 15.5 to 8.6; Negro males, 74.7 
to 38.2; white females, 5.2 to 2.9, and Negro 
females, 36.3 to 16.0, per 100,000 population. 

The purpose of this paper is to report the 
deaths from syphilis as recorded in the 
autopsies at the University of Minnesota dur- 
ing the period from Jan. 1, 1931, to Dec. 31, 
1953. The deaths occurred in the cities of 
Minneapolis and St. Paul; and, since an 
autopsy is performed whenever permission 
can be obtained, it is believed that the sample 
is largely unselected. During the four-year 
period 1949-1952, autopsies were performed 
on 33% of the males and 24% of the females 
who died in this area. 

The deaths from syphilis were due (a) 
to syphilitic aortitis with aortic insufficiency 
and cardiac failure, (b) to rupture of a 
syphilitic aneurysm, or (c) to some form of 
neurosyphilis. Occasionally a subject with 
neurosyphilis died of a ruptured aneurysm 
or syphilitic aortic insufficiency. The cases 
tabulated are only those in which a syphilitic 
lesion was the cause of death or an important 
contributory cause. Subjects with serological 
but no anatomical evidence of syphilis are 
not included in the tables. These data there- 
fore pertain only to the mortality from syphi- 
lis and not to the incidence or curability of 
this disease. 

The deaths due to acquired syphilis in 
males are arranged with respect to age in 
Table 1. The maximum percentage of syphi- 
1930 


Through 1953 


1941-1948 —— 
Deaths from 
Syphilis 


1919-1953— —, 
Deaths from 
Autop Syphilis 
sles, ‘ - sies, ————~-* 
No. No. % No. N by 
407 297 0.38 
679 i 413 0.24 
1,237 y 745 0.13 
2,454 35 A 1,701 4 0.53 
560 25 2,281 1 0.79 
104 y 1,729 0.00 
924 718 0.14 


Autop 


9,084 6,869 2 0.42 





? 


_ —— 1931 -1940-—_——_—_ 
Deaths from 


Autop Syphilis 

Age, sies, —————_, 
Yr No No % 
2-30 690 1 0.15 
30-40 832 4 0.48 
40-50. 1,026 15 1.46 
50-60 1,155 14 1.21 
60-70 1,190 10 0.84 
70-80. 1,015 0 0.00 
80-90... 300 0 0.00 
30-80... . 5,218 43 0.82 


litic deaths occurred in the sixth decade, and 
nearly all the deaths occurred between the 
ages of 30 and 80 years. It will be noted 
that the percentage of deaths due to syphilis 
in males who died between the ages of 30 
and 80 years declined from 2.00% in the 
1931-1940 decade to 0.42% in the five-year 


TaBLE 3.—A Comparison of the Frequency of 
Neurosyphilis and Syphilitic Aortitis 


Neuro Syphilitie 
syphilis, Aortitis, 
No. of No. of 
Cases Cases 
1931-1940 87 166 
1941-1948 25 85 
1949-1953 6 al 
Total 118 285 


period 1949-1953. The mortality from syphi- 
lis is now about one-fifth of the 1931-1940 
rate. 

The deaths due to acquired syphilis in 
females are shown in Table 2. The percent- 
age of deaths from syphilis in females is less 
than one-half that in males. There has been 
a decline in females similar to that in males. 

The incidence of neurosyphilis and syphi- 
litic aortitis in the three periods is shown in 
Table 3. Neurosyphilis appears to have 
declined more than syphilitic aortitis ; possi- 
bly it is more favorably influenced by anti- 
biotics. 

The deaths from congenital syphilis are 
shown in Table 4. 


syphilis has disappeared in this community. 


It appears that congenital 
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Taste 2.—Deaths in Females Due to Syphilitic Aortitis and Neurosyphilis From 1930 Through 1953 


———_——1941-1948— —~ ——— 19-1953 —___ 
Deaths from Deaths from 
Autop- Syphilis Autop- Syphilis 
sies, -— oS —— sies, OH 
No No. % No. No % 
368 1 0.27 168 0 0.00 
515 0 0.00 236 0 0.00 
744 8 1.04 461 2 0.43 
1,053 6 0.57 725 0 0.00 
1,231 5 0.41 1,036 5 0.48 
1,271 l 0.08 4s 2 0.20 
597 1 0.17 522 0 0.00 
4,814 20 0.42 3,452 9 0.26 
SUMMARY 
During the period from Jan. 1, 1931, 
- va 


through Dec. 31, 1953, autopsies Were per- 
formed in the cities of Minneapolis and 
St. Paul on 29,901 males and 16,129 females 
between the ages of 20 years and 90 years. 
There were 26,235 males and 13,484 females 
between the ages of 30 and 80 years. In this 
group the deaths from syphilis in males 
(Table 1) declined from 2.00% in the 1931- 
1940 period to 0.42% in the 1949-1953 
period. In females in the corresponding pe- 
riods (Table 2) deaths from syphilis declined 
from 0.82% to 0.26%. 

No instance of congenital syphilis was 
found in 2,743 autopsies on children less than 
10 years of age during the years 1949-1953. 
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TABLE 4.—Deaths from Congenital Syphilis in Children Less Than Ten Years of Age, Including Stillbirths 


_ 1931-1940 —_ 
Deaths from 





No. of Congenital No. of 
Autopsies Syphilis Autopsies 
5,129 bide! 3,524 


260 








—__———1941-19%48——— — 


- 1949-1953— 


a 
Deaths from Deaths from 


Congenital No. of Congenital 
Syphilis Autopsies Syphilis 
7 2,743 0 





Books 


Sandoz Atlas of Haematology. Compiled by E. Undritz and translated into English by 
A. M. Woolman. Price, $7.00. Pp. 91 with 579 illustrations. Sandoz, Ltd., Basel, Switzer- 
land, 1952. 


This is the second edition of this valuable atlas compiled by Dr. E. Undritz of the Sandoz 


Pharmaceutical Co., Basel, Switzerland, and translated into English for the first time by Dr. 
A. M. Woolman. 


The atlas is divided into three sections. Section One deals with the fundamental principles 
ef hematology, including terminology, functions of blood corpuscles, technique of blood and bone 
marrow examination, and normal values. Some of the descriptive terms used, such as “pan- 
myelophthisis,” “proerythrocyte,” etc., may sound strange to some American pathologists and 
hematologists, but on the whole the terminology is satisfactory. It is regrettable that a few of 
the “normal values” listed are open to serious criticism; i. e., adult hemoglobin content of 14.5 to 
20.0 gm. per 100 cc., and adult female erythrocyte count of 4.6 to 5.6 million per cu. mm. The 
chapter on functions of the various hematopoietic cells is necessarily limited, but it is also 
somewhat naive. 


Section Two is devoted mainly to classification and description of the morphology of blood 
corpuscles. This part is admirably detailed and contains some useful tables. 


Section Three contains 44 color plates comprising 256 illustrations, which depict normal and 


pathological elements found in the blood and hematopoietic organs. Almost all of the material is 
trom human subjects. With rare exceptions, these plates come very close to fulfilling the inten- 
tion of the authors to reproduce blood cells as they actually appear under the microscope, within 
the limits of modern color-printing techniques. Each plate is accompanied by an explanatory 
note. This illustrative section is very complete, but it is perhaps unfortunate that no attempt 
has been made to emphasize which of the illustrations represent the commoner blood dyscrasias. 

This atlas, particularly the illustrative section, may well be recommended to students, general 
physicians, and also to those more intimately concerned with diseases of the blood. 


Coronary Heart Disease in Young Adults. By Menard M. Gertler and Paul D. White. 
Price, $5.00. Pp. 218, with 25 figures. Harvard University Press, Cambridge, Mass., 1954. 


This volume will be valuable to those pathologists who have a particular interest in arterio- 
sclerosis, especially those who are concerned with its anthropometric and biochemical aspects. 
No gross or histopathological findings are included in the study. The authors come to the con- 
clusions that the young endomorphic mesomorph male is most prone to severe coronary disease, 
that elevation of the serum cholesterol-lipid phosphorus ratio is better correlated with the 
presence of severe coronary disease in young adults than either the elevation of serum cholesterol 
or lipid phosphorus, and that there is a correlation between the oxidation-reduction potentials 
of saliva and coronary arteriosclerosis. 


Synopsis of Pathology. W. A. D. Anderson, M.A., M.D. Third Edition. Price, $8.00. Pp. 788, 
with 334 illustrations and 13 color plates. C. V. Mosby Company, 3207 Washington Blvd., 
St. Louis 3, 1952. 


Anything approaching a comprehensive general coverage of modern pathology cannot be 
achieved between the covers of one book. But a summary of important points is possible and 
such is the goal of this book. It suffers from an order of incompleteness no greater than a good 
many less concise and more cumbersome volumes. 

As in previous editions, the conventional organization into chapters on general pathology 
followed by a treatment of organ systems is employed. Etiology and pathogenesis are considered, 
as well as gross and microscopic anatomy. Little clinical correlation and no historical material 
are given. The book is well indexed and the references have been brought up-to-date. It is 
clearly and compactly written and is liberally illustrated with well-chosen gross and microscopic 
photographs. 
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he present edition includes no basic changes in presentation but, rather, a revision of material 
with additions based on recent work and thought in many fields. Certain omissions from previous 
editions have been corrected. One the whole, inaccuracies are few. 

This synopsis perpetuates some deficiencies which are common to many pathology texts. A 
general consideration of humoral immunology should be included, with some treatment of immune 
mechanisms in inflammatory disease, in hypersensitivity, and in diseases of more obscure nature, 
such as glomerulonephritis and rheumatic fever. A discussion of chemotherapeutic modifi- 
cation of pathologic processes and also of pathologic changes actually produced by therapeutic 
agents would be useful because of the increasing proportion of disease rendered atypical or 
induced by treatment which is now encountered in the clinic and in autopsy material. 


Legal Medicine. By R. B. H. Gradwohl. Price, $20. Pp. 1,093, with 222 illustrations. C. V. 
Mosby Company, 3207 Washington Blvd., St. Louis 3, Mo., 1954. 


That forensic medicine is one of the most neglected specialties few physicians would deny 
And most pathologists would readily agree that their knowledge of legal medicine is woefully 
inadequate. The author well realizes these deficiencies and the approach through this entire 
volume assumes neither a knowledge nor an understanding of legal terms and procedures. The 
entire design of the book is to enable the physician, and the pathologist in particular, to avoid 
costly and irreparable mistakes in the realm of legal medicine. 

The coverage of this book is thorough. The author has asked well-recognized authorities 
in this country and Great Britain to contribute chapters on their particular fields. As a result, 
the chapters cover topics ranging from the history of legal medicine, the legal problems of 
autopsy examinations, and the legal aspects of the practice of medicine to various procedures 
for lie detection and the status of the medical expert witness. Extensive space is given to various 
forms of traumatic death and poisonings, to chemical and blood tests, and to psychiatric problems. 
Though the subject matter is markedly varied and does not lend itself readily to continuity, the 
volume has a uniformity of presentation that is a pleasure to read. Such uniformity reflects 
credit on the editing of the author. 


It is unfortunate that the author is forced to recognize the serious deficiencies in the training 
of most physicians in legal medicine. Particularly is this serious in regard to the deficiencies in 
the training of pathologists, whose work often calls for an appreciation of forensic problems. 
Pathologists are interested in forensic medicine, as is well attested by the enthusiasm with which 
seminars on forensic medicine sponsored by the College of American Pathologists are received. 
Rather, the fault lies with the lack of training facilities, for only a few universities offer adequate 
instruction. The basic problem is that “Legal medicine is a specialty of general pathology. 
Hospital pathologists as a rule are not properly qualified in legal work. Until this fact is 
recognized, we shall continue to witness deplorable blunders. . . .” To avoid such blunders, every 
pathologist should have the present volume on his shelf, both for reading and reference. To 
overcome this problem in the future, all pathologists should be immediately concerned with the 
establishment of adequate training facilities in legal medicine. 
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blood will tell 


When precise prothrombin time data are 
needed, Simplastin is a thromboplastin re- 
agent of choice. Supplying the essential infor- 
mation swiftly and accurately, Simplastin 
performs a significant service in the laboratory 
“work-up” prior to anticoagulant therapy or 
surgery. For, “blood will tell”— more quickly 
and accurately — with Simplastin. 


Supplied in 2 sizes 


Efficient 
6-Determination Size for 
emergency use and for 
the smaller laboratory 


Economical 
20-Determination Size 
for the larger laboratory 


Bioassayed on normal human whole and dilute 


plasma, Simplastin assures sensitive, reproduc- 
ible end-points. Preadjusted to optimum so- 
dium chloride and calcium chloride content, it 
is available for immediate use merely with the 
addition of distilled water. Time-consuming 
and costly extra steps are eliminated.’ 


In the laboratory, Simplastin saves valuable 
time and effjort...in therapy, it provides a de- 
pendable and accurate guide.?3 


Both sizes are supplied in boxes containing 10 
vials. A trial supply will be sent promptly upon 
request. Available at leading laboratory supply 
houses; write for name of your local supplier. 


1. Schilling, F. J.; De Natale, A., and Mottram, F. C.: Am, 
J. M. Sc. 222:207 (Aug.) 1951. 

2. Shapiro, S., and Weiner, M.: J. M. Soc. New Jersey 48:1 
(Jan.) 1951. 


3. Shapiro, S., et al.: Am. Heart J. 40:766 (Nov.) 1950. 


r ( ti . 
i m p aS i n simple for the technician / accurate for the clinician 


WARNER-CHILCOTT 








Eberbach Expandable 
Unit System Cabinets 
Hold 500 Slides Flat 


The popular Eberbach Unit System filing cab- 

inets hold 500 3” x 1” slides flat in separate 

compartments. The filing cabinets are built 

No. 60-660 with flat sides and top to facilitate “stacking” 

as the need for additional filing capacity 

8410.00 arises. The 25 numbered aluminum drawers 

each hold 20 slides in separate compartments. 

Request bulletin 150-E The durably finished oak cabinets have a dis- 

describing all cabinets appearing door and measure 8%” x 10” x 12” 
deep. 
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STAINLESS STEEL POSTMORTEM TABLES 


.... built by metal craftsmen 








MACMAHON AUTOPSY & DISSECTING TABLES 





(Designed by Dr. H. Edward MacMahon, Pathologist, New England Medical Center, Boston) 


These Tables provide a clean, sturdy working surface with the necessary utilities 
conveniently located. 


Standard equipment includes hose with moveable arm, suction apparatus, knee controls 
and sink. 


Optional features — electric suction pump and graduation of table top edge in centimeters. 


Further information and complete detailed specifications on this and other standard 
models are available on request. 


Write to Dept. H 
MARKET FORGE COMPANY e Everett 49, Massachusetts 


























PARAGON STAINS PARAMOUNT QUALITY 


PARAGON STAINING SOLUTIONS 


For Tissue Sections 


Dependable—Today; Tomorrow; Every Day 


With Paragon Staining Solutions you obtain superbly stained tissue sections. The brilliance 
and sharpness of the stain without diffusion or unpredictable characteristics greatly facilitates 
diagnosis. 


HEMATOXYLIN STAIN—PARAGON (aqueous alum hematoxylin). Made from our 
own formula. Yields vivid, sharply stained blue nuclei that are really blue—not off color or 
muddy. Extremely sharp staining and selective with no diffusion. Full bodied and strong. For 
a given staining time, repeatedly duplicates depth of staining from slide to slide—every day. 
PS1101 Bottle (500 cc) $2.25 


EOSIN STAIN—PARAGON (alcoholic). A special eosin compound of our own prepa- 
ration. Produces deep brilliant red counterstains. Packed in two forms—ready to use and 
concentrated (requiring the addition of 3 parts of 95% alcohol). 
PS1201D Bottle (500 cc) ready to use $2.25 
PS1201 Bottle (250 cc) for 1000 cc 3.00 


ELASTIC FIBER STAIN—PARAGON. Our own resorcin-fuchsin modification of Wei- 

gert’s Elastic Fiber Stain. Relieves the laboratory of the laborious work involved in the prepa- 

ration of this important stain. Stains sharply with no diffusion into other tissue components. 
PS1225 Bottle (250 cc) $2.65 


VAN GIESON STAIN—PARAGON. Especially designed to produce brilliant differential 
counterstaining with less tendency to wash out in rinsing alcohols. 
PS1250 Bottle (250 cc) $1.50 


PARAGON MULTIPLE STAIN FOR FROZEN SECTIONS. Invaluable to the Pathol- 
ogist where seconds count and the Surgeon waits for the diagnosis. A single solution which 
stains instantaneously yielding a hematoxylin-eosin like picture. No special technic. With 
Paragon Mounting Medium For Frozen Sections (water soluble) section is stained, mounted 
and under microscope in less than one minute. 
PS1301 Paragon Multiple Stain For Frozen Sections Bottle (50 cc) $2.00 
P451 Paragon Mounting Medium For Frozen Sections Bottle (25cc)  .50 


Request samples on your institution letterhead. 
Write for fully descriptive catalog number 1049 A which includes a descriptive section on staining technics. 


All prices F. O. B. New York, New York, subject to change without notice. 


Manufactured exclusively by 


PARAGON C. & C. C0., Inc. + 2540 Belmont Ave., New York 58, N.Y. 


Cable Address: Wijeno, New York. 





Write for details on the following Paragon Staining Solutions: 

ACID FAST BACTERIA STAIN e¢ CRYSTAL VIOLET STAIN ¢ GRAM’S IODINE SOLUTION 
SAFRANIN STAIN ¢ LOEFFLER’S ALKALINE METHYLENE BLUE e ZIEHL-NEELSEN STAIN 
WRIGHT'S STAIN ¢ BUFFER SOLUTION FOR WRIGHT'S STAIN 











what used to take days 


To fully appreciate the significance of Autotechnicon's 
automatic processing, one needs only recall the tissue-processing 
practices in the pathologic laboratory prior to its introduction. 
Ten, twenty (or many more) containers of reagents spread 
along a table, over which a technician wearily presided, 

hour after hour, shifting tissues from one solution to another. 
The slow pace of the procedure was matched only 

by the uncertainty of the result. 

By contrast, brisk overnight service is routine in today's 
Autotechnicon-equipped laboratory. Finished tissues 

are ready within short hours of surgery. Processing is 
completely mechanized . . . requires no human intervention 
or supervision. Results are predictably uniform; 

every step at every stage is strictly governed, 

timed to hairbreadth precision. 


is now done in hours by the 


every phase of tissue processing aufomatically . . . 
fixation, washing, dehydration, infiltration, staining 


THE TECHNICON COMPANY, 215 East 149 Street, New York 51, N. Y. 





